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Preface 


This manual describes the hardware of the Mitsubishi 
CMOS 16-bit microcomputers M37732 group and 
M37730 group. After reading this manual, the user 
should be able to fully utilize the functions of the 
microcomputers of M37732 group and M37730 group. 


For details concerning the software for the M37732 
group and M37730 group, refer to the MELPS 7700 
SOFTWARE MANUAL. For details concerning the 
development support tools (assembler, option boards), 
refer to the respective operation manuals. 
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This manual defines following items. 


ef( Xin) 
f(Xin) means external clock input frequency. 
eInternal clock @ 
Internal clock @ means operating clock of this microcomputer. It is obtained by dividing the input 
clock to Xin pitt DY 2 ( = T(Xin)/2). 
“Clock @1 
Clock ¢: means the internal clock @ output from @: pin. 
*Bit attribute 
Bit attributes are described in the figure of register structure. 
The following abbreviations are used to indicate the attributes. 
b1 


b5 b4 b3_ b2 b0 
pe ew | w fw) 
LL. ——-——— MJ + Possible only to write 
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R/W : Possible to read and write 













R : Possible only to read 


Nothing allocated, undefined at reading 





eOverflow and Underflow of timers 
Overflow of the timer means that the counter content reaches FFFFie > reload value “n”. 
Underflow of the timer means that the counter content reaches 0000i6 — reload value “n”. 


“n” : Value set in reload register 
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DESCRIPTION 





The M37732 group is an external ROM version 16-bit microcomputer designed with high-performance silicon 
gate CMOS technology. It is housed in an 80-pin plastic molded QFP. 

This microcomputer has a large 16M-byte address space, three instruction queue buffers, and two data 
buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can be also switched 
to perform 8-bit parallel processing. This microcomputer is suitable for office, business, and industrial 
equipment controllers that require high-speed processing of large amounts of data. 

M37732 group is also equipped with low supply voltage version that is suitable for application of portable 
equipment controller. 


M37730 group is a microcomputer housed in a 64-pin package. M37730 group has the same functions as 
M37732 group except for a few parts. Therefore, the differences between M37730 group and M37732 group 
are mainly described in “CHAPTER 8. M37730 GROUP”. 





Photo of M37732S4LHP Chip 











DESCRIPTION 
1.1 M37732 group 





1.1 M37732 group 

The M37732 group consists of chips shown in Table 1.1.1 with the M37732S4FP as the base chip. The 
M37732S4LGP and the M37732S4LHP are the low supply voltage version microcomputers that have character- 
istics of low supply voltage and a small package. Except for low supply voltage version, the difference between 
the other chips is only the operating clock frequencies. Hereafter, the M37732 group microcomputers will be 
referred to simply as the M37732S4FP unless there is a specific difference by version. 

Low supply voltage version is described in “CHAPTER 7. LOW SUPPLY VOLTAGE VERSION”. 


Table 1.1.1 M37732 group 


ROM RAM Clock Backade 
Type name size size | frequency an fice Remarks 
(bytes) | (bytes) (MHz) 


M37732S4FP —— 
M37732S4AFP 80P6N-A | High-speed version of M37732S4FP 
M37732S4BFP External) 2048 Super high-speed version of M37732S4FP 
M37732S4LGP | 8 | 80P6S-A| Low supply voltage version and small 


M37732S4LHP | 8 | 80P6D-A| package of M37732S4FP 
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1.2 Performance overview 





1.2 Performance overview 
Table 1.2.1 shows the performance overview of the M37732S4FP. 


Table 1.2.1 M37732S4FP performance overview 


Parameters Functions 
Number of basic instructions 103 
Instruction execution time |M37732S4FP 500ns (the fastest instruction at 8MHz frequency) 
M37732S4AFP 250ns (the fastest instruction at 16MHz frequency) 
160ns (the fastest instruction at 25MHz frequency) 
Operating clock frequency |M37732S4FP 8MHz (maximum) 
16MHz (maximum) 
M37732S4BFP 25MHz (maximum) 
Memory size ROM  .——sd External - 
2048 bytes 
Input/Output ports 8 bits x 4 
Port P4 5 bits xX 1 
Multi-function timers 16 bits x 5 
16 bits X3 
Serial I/O (UART or clock synchronous serial I/O) X 2 
A-D converter 8 bits X 1 (8 channels) 
Watchdog timer 12 bits X 1 
Interrupts 3 external, 16 internal (priority levels 0 to 7 can 
be set for each interrupt with software) 
Clock generating circuit Built-in (externally connected to a ceramic or 
crystal resonator) 
Supply voltage 5Vt10% 
Power dissipation 30mW (operating clock frequency = 8MHz ) 
Input/Output characteristics 5V 
Output current 5mA 
Memory expansion Maximum 16M bytes 
Operating temperature range —20 to 85°C 
Device structure High-performance silicon gate CMOS process 
| Package 80-pin plastic molded QFP 
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1.3 Pin configuration 


Figure 1.3.1 shows the M37732S4FP pin configuration. 


P70/ANo <>» 
P67/TB2IN <> 
P66/TB1IN <> 
P65/TBOIN <> 

P64/INT2 <<» [5 _| 

P6s/INT1 <> [6_ 

P62/INTO <> 
P61/TA4IN <> [8 | 

— P60/TA4ouT +> [9_| 
P57/TASIN/RTP13 << [10 | 
P56/TASouT/RTP12 <> 
P55/TA2IN/RTP11 <> 
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RDY —> 
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Fig. 1.3.1 M37732S4FP pin configuration (top view) 


P84/CTS1/RTS1 
P85/CLK1 
P86/RxD1 
P87/TxD1 

Ao 

Ai 

A2 


A7 
As/Ds 
Ao/Dg 
A10/D10 
A11/D11 
A12/D12 
A13/D13 
A14/D14 
A15/D15 
A16/Do 
Ax7/D1 
Ai8/D2 
A19/D3 
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1.4 Pin description 
Table 1.4.1 shows the pin description. 


Table 1.4.1 Pin description (1) 


Pin Ie Input/Output Functions 
Vcc, Vss | ss Supply 5V+10% to Vcc and OV to Vss. 
CNVss CNVss Apt ower Supp Connect to Vcc. 


RESET Reset input The microcomputer is reset when this pin is set to “L” 
level. 


XIN Clock input beet These are the I/O pins of the internal clock generating 
circuit. Connect a ceramic or crystal resonator between 


XoutT Clock output Output Xin and Xout. When an external clock is used, the clock 
nae source should be connected to the Xin pin and the Xourt 

pin should be left open. 
E Output | Data or instruction read and data write are performed 

| when output from this pin is “L” level. 

BYTE Bus width selection input This pin determines whether the external data bus is 8- 
iol bit width or 16-bit width. The width is 16 bits when the 
signal level is “L” and 8 bits when the signal level is “H’”. 


AVcc, AVss_ |Analog supply input Power supply for the A-D converter. Externally connect 
AVcc to Vcc and AVss to Vss. 






VREF Reference voltage input Ls This is a reference voltage input pin for the A-D con- 
| verter. 

or Clock output This pin outputs the clock¢: which is divided the clock to 
Xin pin by 2. 

RDY Ready input The microcomputer is in Ready state while “L” level is 

| input to this pin. 

HOLD Hold input The microcomputer is in Hold state while “L” level is input 
to this pin. 

HLDA _|Hold ‘bilateral eee This pin outputs “L” level when microcomputer is in Hold 
Sina | 

R/W ieeoaaieinceas output Output The read/write signal indicates the data bus state. The 
data bus state is read when this signal is “H” level and 
write when “L” level. 

BHE Byte high enable output | “L” level is output when an odd-numbered address is 

| | . , rn ee 
ALE Address latch enable output Output This is uSed to obtain only the address from address and 





data multiplex signals. 

Ao—Az Low-order 8 bits (Ao—A7) of the address bus are output. 

As/Ds—A15/D1s|Address bus middle-order output/ /O @When the external bus width is 16 bits. (The BYTE pin 

Data bus high-order |/O is at “L” level.) High-order 8 bits (Ds—Di1s) of the data 
bus are input or output when the E output is “L” level. 
Middle-order 8 bits (As—A1s) of the address bus are 
output when E output is “H” level. 

@When the external bus width is 8 bits. (The BYTE pin is 
at “H” level.) Middle-order 8 bits (As—Ai15) of the address 
bus are output. 

0 Low-order 8 bits (Do—D7) of the data bus are input or 
output when the E output is “L” level. High-order 8 bits 
(A1e—Aza) of the address bus are output when the E output 
is “H” level. 







Address bus high-order output/ 
Data bus low-order I/O 


A16/Do—Az23/D7 
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Table 1.4.1 Pin description (2) 


Pin | = Name —_|_ Input/Output Functions 
P43—P47 I/O port P4 0 Port P4 is a 5-bit CMOS I/O port. This port has a data 


direction register and each pin can be programmed for 
input or output. 

PSo—P57 | I/O port P5 /0 Port P5 is an 8-bit CMOS I/O port. This port has a data 
direction register and each pin can be programmed for 
input or output. These pins also function as I/O pins for 
timers A0—A3. 
P60-P67 | I/O port P6 1/0 This port is an 8-bit I/O port with the same function as 
P5. These pins can be programmed as |/O pins for timer 
A4, external interrupt input pins for INTo-INT2, and input 
pins for timers BO-B2. 
P7o—-P77 | I/O port P7 /O This port is an 8-bit I/O port with the same function as 
P5. These pins can be programmed as analog input 
pins ANo—AN7. P77 also functions as the ADrac input pin 
for an A-D conversion trigger. 
This port is an 8-bit I/O port with the same function as 
P5. These pins can be programmed as CTS/RTS, CLK, 
RxD, TxD pins for UARTO and UART1. 




















P80-P87 | I/O port P8 
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1.5 Block diagram 


Figure 1.5.1 shows the M37732S4FP block diagram. 
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Fig. 1.5.1 M37732S4FP block diagram 
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1.5 Block diagram 
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FUNCTIONAL DESCRIPTION 


2.1 Central processing unit 





2.1 Central processing unit (CPU) 
The MELPS 7700 CPU has ten registers as shown in Figure 2.1.1. Each of these registers is described 


below. 


2.1.1 Accumulator (Acc) 
Accumulators A and B are available and each can be used as 8-bit or 16-bit register as necessary. 


(1) Accumulator A (A) 
Accumulator A is the main register of the microcomputer. Data operations such as calculations, dat: 


transfer, and input/output are executed mainly through accumulator A. It consists of 16 bits and th 
low-order 8 bits can be used separately. The data length flag (m) determines whether the register i 
used as a 16-bit register or as an 8-bit register. It is used as a 16-bit register when flag m is “O” an 
as an 8-bit register when flag m is “1”. Flag m is a part of the processor status register (PS) whic 
is described later. When an 8-bit register is selected, the low-order 8 bits of the accumulator A ar 


used and the contents of the high-order 8 bits are unchanged. 


(2) Accumulator B (B) | 
Accumulator B has the same functions as accumulator A. The MELPS 7700 instructions can us 


accumulator B instead of accumulator A, but the use of accumulator B requires more instruction byte 
and execution cycles than accumulator A. Accumulator B is also controlled by the data length flag r 


2.1.2 Index register X (X) 
Index register X consists of 16 bits and the low-order 8 bits can be used separately. The index regist 


length flag (x) determines whether the register is used as a 16-bit register or as an 8-bit register. It is use 
as a 16-bit register when flag x is “0” and as an 8-bit register when flag x is “1”. Flag x is a part of tl 
processor status register (PS) which is described later. When an 8-bit register is selected, the low-ord 
8 bits of the index register X are used and the contents of the high-order 8 bits are unchanged. 

In addressing mode in which the index register X is used as the index register, the contents of this regis 
is added to obtain the real address. 

Also, when executing the block transfer instruction MVP or MVN, the contents of the index register 
indicate the low-order 16 bits of the source data address. The third byte of the MVP or MVN instructi 


is the high-order 8 bits of the source data address. 


2.1.3 Index register Y (Y) 
Index register Y is a 16-bit register with the same function as index register X. As with index register 


the index register length flag (x) determines whether this register is used as a 16-bit register or as an 
bit register. Also, when executing the block transfer instruction MVP or MVN, the contents of index regis 
Y indicate the low-order 16 bits of the destination data address. The second byte of the MVP or M 
instruction is the high-order 8 bits of the destination data address. | 


10 








FUNCTIONAL DESCRIPTION 


2.1 Central processing unit 


Accumulator A 





b15 b8 b7 bO 
b15 b8 b7 bd 
b15 b8 b7 b0 
b7 bG 
Data bank register DT 
b23 b16 b15 b8 b7 bd 
b7 ; bd 
OOF APC OP EEL ELTOIELOLELELELDOLOEODODEDODEDODEEDEAELUDEDDDEREUNOEPLOEDEOYDED DDO LEDS Program bank register PG 
b15 b8 b7 bO 
b15 b&8 b7 bO 
PSwH PSL Processor status register PS 
b1i57 b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0! 
SNE Ns se c 
Carry flag 
Zero flag 


Interrupt disable flag 
Decimal mode flag 
Index register length flag 
Data length flag 
Overflow flag 
Negative flag 
Processor interrupt priority level 





“ig. 2.1.1 CPU registers structure 
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2.1 Central processing unit 





2.1.4 Stack pointer (S) 

Stack pointer S is a 16-bit register. It is used during a subroutine call or interrupt. It is also used during 
addressing modes using the stack. The contents of the stack pointer S indicate the address (stack area) 
for storing registers during subroutine calls and interrupts. The bank 016 must be designated for the stack 
area (refer to section “2.3 Addressable memory space”). Normally, the stack area is reserved in internal 
RAM. | 

When an interrupt request is accepted, the contents of the program bank register PG is stored at the 
address indicated by the contents of the stack pointer S, and the contents of the stack pointer S are 
decremented by 1. Then the contents of the program counter PC and the processor status register PS are 
stored with the high-order bytes and the low-order bytes (PCH, PC., PSx, PS.) in that order. The contents 
of the stack pointer S after accepting an interrupt request are equal to the contents of the stack pointer 
S before the accepting of interrupt request decremented by 5. 

Figure 2.1.2 shows the stored registers when an interrupt request is accepted. 

When returning to the original routine after processing the interrupt service routine, the registers stored in 
the stack area are restored to the original registers in the reverse sequence and the contents of the stack 
pointer are returned to the state before the accepting of interrupt request. 

The same operation is performed during a subroutine call, but the contents of the processor status register 
PS are not stored (the contents of the program bank register PG may not be stored either depending on 
the addressing mode). 

The user is responsible for storing registers other than those described above by program during interrupts 
or subroutine calls. 

In addition, the stack pointer S must be initialized at the beginning of the program because its contents 
are undefined at reset. Normally, the stack pointer is initialized with the highest address of the internal 
RAM.. The contents of the stack area change when subroutines are nested or when multiple interrupt — 
requests are accepted. Therefore, make sure necessary data in the internal RAM are not destroyed when 
nesting subroutines. | 


Address 
S—4 | Processor status register low-order byte (PSL) 
S-—3 | Processor status register high-order byte (PSH) 


S—2 Program counter low-order byte (PCL) 


S—1 Program counter high-order byte (PCH) 


S Program bank register (PG) 


+ S is the first address that the stack pointer indicates at 
accepting an interrupt request. 





Fig. 2.1.2 Stored registers when an interrupt request is accepted 
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2.1.5 Program counter (PC) 

Program counter PC is a 16-bit counter that indicates the low-order 16 bits of the next program memory 
address (24 bits) to be executed. The contents of the high-order program counter (PCx) become “FFie”, and 
the low-order program counter (PCL) become “FEte” at reset. The contents of the program counter PC 
become the contents of the reset vector address (addresses FFFE16, FFFFi«) after removing reset state. 
Figure 2.1.3 shows the program counter PC and the program bank register PG. 


b16b15 


b7 bd 





Fig. 2.1.3 Program counter PC and program bank register PG 


2.1.6 Program bank register (PG) 

Program bank register PG is an 8-bit register that indicates the high-order 8 bits (bank) of the next program 
memory address (24 bits) to be executed. When a carry occurs after adding the contents of the program 
counter PC, the contents of the program bank register PG are incremented by 1. Also, when a borrow 
occurs after subtracting the contents of the program counter PC, the contents of the program bank register 
PG are decremented by 1. Therefore, programs can be written without considering bank boundaries, 
usually. 

This register is cleared to “0016” at reset. 
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2.1 Central processing unit 





2.1.7 Data bank register (DT) 

Data bank register DT is an 8-bit register. With some addressing modes using the data bank register DT, 
the contents of this register are used as the high-order 8 bits (bank) of a 24-bit address. 

Use the LDT instruction to set the value in this register. This register is cleared to “OO16” at reset. 


% Refer to “MELPS 7700 SOFTWARE MANUAL” for the addressing modes. 


2.1.8 Direct page register (DPR) | 

Direct page register DPR is a 16-bit register. The contents of this register indicate whether the direct page 
area is allocated in bank O16 or spans across banks O16 and 116. This area can be accessed with two bytes 
by using the direct page addressing mode. 

The contents of the DPR are the base address (lowermost address) of the direct page area which extends 
256 bytes above this address. The DPR can contain a value from 000016 to FFFFie. If it contains a value 
equal to or greater than “FFO116”, the direct page area spans across banks O16 and 116. If the low-order 8 
bits of the DPR is “0016”, the number of cycles required to generate an address is minimized. Therefore, 
the low-order 8 bits of the DPR should normally be set to “0016”. 

This register is cleared to “000016” at reset. Figure 2.1.4 shows the setting example of the direct page with 
the direct page register (DPR). 





O16 : Ore 
DPR area when DPR=0000i16 
FFie 
2 12316 
DPR area when DPR=0123i16 
Bank O16 2216 (Note 1) 
FF1016 
» FFFFic £ 7 
4000016 DPR area when Baars 
1000F 16 


Bank 116 
4 
4 
\ 
4 
N 


‘ 
‘ 
‘ 
‘ 
: 


PPP Pr me 


Note 1: The number of execution cycles is incremented by 1 when the low-order 8 bits of the 
DPR are not “00:6”. 
Note 2: The direct page spans across banks O16 and 116 when the DPR is “FFO116” or greater. 


Fig. 2.1.4 Setting example of direct page with the direct page register (DPR). 
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2.1.9 Processor status register (PS) 

Processor status register is an 11-bit register. It consists of flags to indicate the result of operation and 
processor interrupt priority level. The flags C, Z, V, and N are tested by branch instructions. 

Figure 2.1.5 shows the register structure of the processor status register. 

The details of the processor status register bits are described below. 


b15 b14 b13 b12 b11 b10 b9 b8 b7 b6 b5 b4 b3 b2 bi 


rope ye yoyo] me [é]Y myx fo] [z[o 


Note: Bits 11 to 15 always are “0” when the contents of the processor status register are read. 


Fig. 2.1.5 Processor status register structure 


(1) Carry flag (C) 
The carry flag is assigned to bit 0 of the processor status register. It contains the carry or borrow bit 
from the arithmetic and logic unit (ALU) after an arithmetic operation. This flag is also affected by shift 
and rotate instructions. This flag can be set with the SEC oy SEP instruction and cleared with the CLC 
or CLP instruction. 


(2) Zero flag (Z) 
The zero flag is assigned to bit 1 of the processor status register. It is set to “1” if the result of an 
arithmetic operation or data transfer is zero, and cleared to “O” if otherwise. This flag can be set with 
the SEP instruction and cleared with the CLP instruction. 
Note: This flag has no meaning in decimal mode addition (the ADC instruction). 


(3) Interrupt disable flag (1) 
The interrupt disable flag is assigned to bit 2 of the processor status register. It disables all maskable 
interrupts (interrupts other than watchdog timer, the BRK instruction, and zero division). Interrupts are 
disabled when this flag is “1”. When an interrupt request is accepted, it is set to “1” automatically to 
prevent multiple interrupts. This flag can be set with the SE! or SEP instruction and cleared with the 
CLI or CLP instruction. This flag is set to “1” at reset. 

(4) Decimal mode flag (D) 
The decimal mode flag is assigned to bit 3 of the processor status register. It determines whether 
addition and subtraction are performed in binary or decimal. Binary arithmetic is performed when this 
flag is “O”. If it is “1”, decimal arithmetic is performed with each word treated as two or four digit 
decimal (determined by the data length flag m). Decimal adjust is performed automatically. Decimal 
operation is possible only with the ADC and SBC instructions. This flag can be set with the SEP 
instruction and cleared with the CLP instruction. This flag is cleared to “O” at reset. 

(5) Index register length flag (x) 


The index register length flag is assigned to bit 4 of the processor status register. It determines 
whether the index register X or index register Y is used as a 16-bit register or an 8-bit register. The 
register is used as a 16-bit register when flag x is “O” and as an 8-bit register when it is “1”. This flag 
can be set with the SEP instruction and cleared with the CLP instruction. This flag is cleared to “0” 
at reset. 


% When transferring between different bit lengths, the data is transferred with the length of the destination 
register, but except for the TXA, TYA, TXB, and TYB instructions. Refer to “MELPS 7700 SOFTWARE 
MANUAL”. 
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(6) Data length flag (m) 


The data length flag is assigned to bit 5 of the processor status register. It determines whether to treat 
data as 16-bit or as 8-bit. A data is treated as 16-bit when flag m is “0” and as 8-bit when it is “1”. 
This flag can be set with the SEM or SEP instruction and cleared with the CLM or CLP instruction. 
This flag is cleared to “O” at reset. 


s¢ When transferring between different bit lengths, the data is transferred with the length of the destination 
register, but except for the TXA, TYA, TXB, and TYB instructions. Refer to “MELPS 7700 SOFTWARE 
MANUAL”. 
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(7) Overflow flag (V) 


(8 


(9 


wT 


——! 


The overflow flag is assigned to bit 6 of the processor status register. It is used when adding or 
subtracting a word as signed binary. In case the data length flag m is “0”, the overflow flag is set to 
“4” when the result of addition or subtraction is outside the range between -32768 and +32767, and 
cleared to “0” in all other cases. In case the data length flag m is “1”, the overflow flag is set to “1” 
when the result of addition or subtraction is outside the range between —128 and +127, and cleared 
to “O” in all other cases. The overflow flag can be set with the SEP instruction and cleared with the 
CLV or CLP instructions. 

Note: This flag has no meaning in decimal mode. 


Negative flag (N) 

The negative flag is assigned to bit 7 of the processor status register. It is set when the result of 
arithmetic operation or data transfer is negative (data bit 15 is 1 when data length flag m is “O”, or 
data bit 7 is 1 when data length flag m is “1”). It is cleared in all other cases. It can be set with the 
SEP instruction and cleared with the CLP instruction. ; 
Note: This flag has no meaning in decimal mode. 


Processor interrupt priority level (IPL) 

The processor interrupt priority level (IPL) is assigned to bits 8, 9, and 10 of the processor status 
register. These three bits determine the priority level of processor interrupts from level 0 to level 7. 
Interrupt is enabled when the interrupt priority level of the requested interrupt (set with the interrupt 
control register) is higher than IPL. When an interrupt request is accepted, the IPL is stored in the 
stack and IPL is replaced by the interrupt priority level of the accepted interrupt request. This simplifies 
control of multiple interrupts. 

There are no instructions to directly set or clear the IPL. It can be changed by placing the new IPL 
on the stack and updating the processor status register with the PUL or PLP instruction. 

The contents of the IPL are cleared to “000” at reset. 
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2.2 Internal bus interface 
A bus interface unit (BIU) is provided between the CPU and the internal bus. 


2.2.1 Internal bus interface overview 

Transfer of data between the CPU and memory or I/O device is always performed through the BIU provided 
between the CPU and the internal bus. When the CPU reads data from memory or I/O device, it sends the 
address to be read to the BIU. The BIU reads the data from the specified address and the CPL! receives 
the data from the BIU. Similarly, the CPU sends the address to be written to the BIU when writing data. 
Thus the BIU controls the transfer of data between the CPU and bus. 

Figure 2.2.1 shows the block diagram of the bus interface unit. 


Internal RAM 


TTT Peripheral 
Bus interface unit ee ie 


Even address data bus (8 bits) 


~ Odd address data bus (8 bits) 


Address bus (24 bits) 





Fig. 2.2.1 Bus interface unit block diagram 


2.2.2 Bus interface unit functions 
The M37732 group uses the internal clock @ (=f(Xin)/2) as the standard clock. The CPU also uses internal 
clock @ as the standard clock. However, since the CPU clock may be extended due to CPU wait under 
certain conditions, it is referred to as ¢cpu to distinguish it from clock ¢. 
The M37732 group internal bus (address bus and data bus) operates at timing E which is slower than internal 
clock ¢. The operating clock of the CPU is different from the bus cycle because timing E is normally f(Xin)/ 
4. Therefore, the BIU is provided between the CPU and bus to synchronize the transfer of data to and from 
memory and I/O device. The BIU enables the CPU to transfer data to and from memory through the bus 
without decreasing the instruction execution speed. 

The BIU consists of four registers as shown in Figure 2.2.2. Table 2.2.1 shows the functions of each 
register of BIU and buffer. 


Table 2.2.1 Functions of BIU registers and buffers 


Name Function 
Program address register | Indicates the address that stores the next instruction to prefetch in the instruction queue buffer. 
Instruction queue buffer A three-byte buffer for temporarily holding instruction prefetched from memory. 


Data address register _ Indicates the address to be read from or to be written to memory or I/O. 
Data buffer A two-byte buffer for temporarily holding data read from memory or I/O device 


by the BIU or data written to memory or I/O device by the CPU. 
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Program address register 


Instruction queue buffer 


Data address register 


Data buffer 





Fig. 2.2.2 BIU registers 
The BIU performs the following operations. 


1. Prefetches an instruction code from the program memory (area where the program is stored) 
and stores it in the instruction queue buffer. 
Normally, a program is executed sequentially in ascending order of address. Therefore, if the next 
instruction code is prefetched in the instruction queue buffer, the CPU can execute instructions 
simply by obtaining the instruction code from the instruction queue buffer. This will eliminate the time 
needed by the CPU to access the memory. 
When the CPU is not using the bus (for example when performing register to register operation), the 
BIU reads an instruction code from the program memory (area where the program is stored) and 
stores it in the instruction queue buffer. Data up to three bytes can be prefetched because the 
instruction queue buffer is three bytes long. Refer to section “2.2.4 Data read/write operations” for 
more information concerning instruction code prefetch. 


2. Reads data at the specified address into the BIU when the CPU requests data in memory and 
transfers it to the CPU. 
When executing instructions that processes data in memory or I/O device, the CPU must access the 
address assigned to the memory or I/O device and read the data. Because the operating clock of the 
CPU and bus are different, the CPU reads the data through the data buffer of the BIU. 


3. Writes the data obtained from the CPU to the specified address in memory. 
When writing data to a specific address, the CPU sends the address and data to the BIU. And after 
that, the CPU continues to execute the next instruction extracting from the instruction queue buffer, — 
because actual writing to memory or I/O device is performed by the BIU. 


4. Controls read of word data from odd number address and outputs the control signals required | 
to access external memory in byte unit. 
The transfer of data between the CPU and BIU is always performed through a 24-bit address bus 
and 16-bit data bus. This is also true between the BIU and internal area or I/O device. The BYTE 
pin (external bus width selection input pin) determine these data widths, in addition, the wait bit 
determine the access timing only when an external memory is accessed. 
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2.2.3 Bus interface unit operations 


Figure 2.2.3 shows the operating waveforms of the bus interface unit. The M37732 group BIU always 


operates at one of the waveforms shown in Figure 2.2.3. 
The meaning of signals ALE and E in Figure 2.2.3 are as follows: 


@ALE (Address Latch Enable) 7 _ 
Signal used to latch only address signals from Table 2.2.2 Data bus state according to E and R/W 


multiplex signals containing data and address. E Data bus state 
_ H Not used 
@E H Not used 
Signal set to “L” level when the bus interface unit L Read 
reads instruction code or data from memory or L Write 


when it writes data to memory. Table 2.2.2 shows 
the data bus state according to E and R/W signals. 


(1) Basic operation 
Waveform (a) is the bus interface operating waveform under the following conditions: 


@When a one byte internal area and external memory is accessed. 

@When two vytes if internal area are accessed together (siartifig on an even address). 

@When two bytes in external memory are accessed together (starting on an even address when the 
BYTE pin is at “L” level). | 

@When the instruction code is obtained from memory into the instruction queue buffer. 


Waveform (b) is the bus interface operating waveform when accessing in byte unit under the following 
conditions: 

@When two bytes in internal area and external memory are accessed together (starting on an odd 
address). 

@When two bytes in external memory are accessed together with the BYTE pin at “H” level. 


Waveforms (a) and (b) are the basic operating waveforms of the BIU. Waveform (a) or (b) is always 
used when accessing the internal area. 

When accessing the external memory area, the BIU operating waveform changes according to the wait 
bit. 


(2) Effect of the wait bit 


With the M37732 group, the external memory access time can be 1.5 times as long (the “L” level width 
of E signal becomes twice) by clearing the wait bit (bit 2) to “0” in the processor mode register 
(address 005E:6). This enables external expansion of slow memories and peripheral LSls. 

Note: Internal memory access is not affected by the wait bit. 


Figure 2.2.3 (c) to (f) show the effect of the wait bit on waveforms (a) and (b). Waveform (c) is the 
waveform when an external memory area is accessed under the conditions for waveform (a) with the 
wait bit cleared to “0”. 

Waveforms (d) to (f) are the waveforms when an external memory area is accessed under the conditions 
for waveform (b) with the wait bit cleared to “0”. The entire waveform is affected by the wait bit for 
waveform (d) and the first half or the last half is affected respectively for waveforms (e) and (f). 
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intemal eoek§ LLLP LL 
no) —XEXEX— 


ice ee 


(a) 


A/D) CAD KA+IK DK 
ey Se eee Dee ee 
AE ees esse) Ieee 


(b) 


(c) 
AE LL 


AD) (AMD AIX DD) 


(d) 
ALE 1 i 


Ai/Dj CAD KA+IK_D) 


(e) 
ALE __J eel fad 


: 


A/D) KA MD MAK DD) 


@A: Address 
@D: Data 
@Ai/Dj: Multiplex I/O pins containing data and address. 


Fig. 2.2.3 Bus Interface unit operating waveform 
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2.2.4 Data read/write operations 
(1) Instruction code read 


(2 


id 


The CPU reads instruction codes from the instruction queue buffer of the BIU and executes them. The 
CPU notifies the BIU that an instruction code is needed during the instruction code fetch cycle. At this 
point, the operation depends on whether the instruction queue buffer contains an instruction code or 
not. If there is an instruction code in the instruction queue buffer, it is passed to the CPU. If there is 
no instruction code in the instruction queue buffer, or if the amount of data in the instruction queue 
buffer is less than the necessary instruction code, the BIU halts the CPU until a sufficient amount of 
instruction codes is stored in the instruction queue buffer. 

Even when there is no request for instruction code from the CPU, if the instruction queue buffer is 
empty or if there is only one instruction code and the bus is available at the next cycle (the CPU does 
not use the bus at the next cycle), the BIU reads instruction codes from memory and stores them in 
the instruction queue buffer (instruction prefetch). During instruction prefetch, if the first address 
accessed when reading an instruction code from memory is even, then the data at the next odd 
number address is also read and stored in the instruction queue buffer. If the first accessed address 
is odd, only one byte is read and stored in the instruction queue buffer. However, if the instruction 
code is read from external memory with the BYTE pin at “H” level (8-bit external bus width), only one 
byte is read regardless of the accessed address. 

Instruction code read is performed with operation (a) or (c) shown in Figure 2.2.3. When a branch or 
a jump or subroutine call instruction or an interrupt is executed, the contents of the instruction queue 
buffer are cleared and a new instruction code is read from the new address. 


Data read/write 

The CPU reads and writes data from/to the BIU data buffer. The CPU issues a request to BIU when 
it attempts to read or write data. At this point, if the BIU is using the bus or if there is a higher priority 
request, the CPU is made to wait until the BIU becomes ready. When the bus is available for data 
read or write, the BIU operates at one of the waveforms (a) to (f) shown in Figure 2.2.3. 


@Data read 


When the CPU requests data from the BIU, it waits until the data becomes complete data in the data 
buffer. The BIU sends the address received from the CPU to the address bus, reads the contents of 
memory when E signal is “L” level, and stores it in the data buffer. 


@Data write 


The CPU sends address (address in which the data is written) and data to BIU. 

The address is written in the BIU data address register and the data is written in the data buffer. The 
actual writing in memory is performed by BIU and the CPU can proceed to the next step without waiting 
for the BIU to complete writing data in memory. The BIU sends the address received from the CPU 
to the address bus, sends the contents of the data buffer to the data bus, and writes it in memory when 
E signal is “L” level. 
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2.3 Addressable memory space 

The M37732 group allocates internal RAM, external memory, I/O, and various control registers in the same 
memory space. Therefore, data transfer and operation can be performed with the same instruction without 
distinguishing memory and I/O area. 

Program counter (PC) consists of 16 bits. It is used together with an 8-bit program bank register (PG) to 
directly access a 16M-byte address space from O16 to FFFFFFie. 

Figure 2.3.1 shows the addressable memory space. 


2.3.1 Banks 

Address space is divided into 64K-byte blocks called banks. The M37732 group can access 256 banks from 
bank O16 to bank FFi6 (255). 

The high-order 8 bits of the 24-bit address indicate the bank and the contents of the program bank register 
(PG) or the data bank register (DT) indicate the bank to be used. 

If the program counter overflows at a bank boundary, the contents of the program bank register are 
incremented by 1. If a borrow occurs in the program counter, the contents of the program bank register 
are decremented by 1. Therefore, programs can be written without considering the bank boundaries, 
usually. The banks can be accessed efficiently by using an addressing mode that uses the data bank 
register. 

SFR area in bank O16 (addresses 016 to FFFF1e) contains timers, interrupts, and internal I/O control registers. 
Addresses FFD6ie to FFFFie are allocated to an interrupt vector table containing the start address of 
interrupt service routines. Interrupt vector table area must be allocated in ROM. — 


2.3.2 Direct page 

By using the direct page register (DPR), bank O16 or a 256-byte space spanning across bank O16 and bank 
116 Can be accessed with fewer instruction cycles by using direct page addressing mode. This area is 
referred to as the direct page and is normally used for frequently accessed information. 

The direct page area can be specified by setting the lowermost address of the required area in the direct 
page register (refer to section “2.1.8 Direct page register”). 
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Fig. 2.3.1 Addressable memory space 
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2.4 Memory allocation 


SFR (Special Function Registers) and internal RAM are allocated in internal area of bank 016. ROM must be 
connected to the external memory area because the M37732 group is an external ROM version. 
Figure 2.4.1 shows the memory map. 


2.4.1 SFR (Special Function Registers), Internal RAM and external memory area 
The allocated SFR, internal RAM and external memory area are described below. 
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(1) SFR area 


(2 


(3 


=a 


woe” 


Addresses 000016 to 007Fie of bank 016 are the SFR (Special Function Registers) area. This area 
contains the control registers of internal peripheral devices, I/O ports, timers, and so on. Internal 
peripheral devices can be accessed through these registers. Figure 2.4.2 shows the memory map of 
the SFR area. 

Each bit in the register can be either read-only, write-only, or read/write bit. 

Refer to each block description for the register function in the SFR area. 

Refer to section “3.1.2 Internal registers state at reset” for the state of the SFR at reset. 


Internal RAM area 

A 2048-byte static RAM is allocated at addresses 008016 to 087Fi6 of bank O16. In addition to storing 
data, the internal RAM area is used as stack area during subroutine calls and interrupts. Therefore, 
be careful of subroutine nesting levels and multiple interrupt levels so that important data is not 
destroyed. 


External memory area 

External memory can be set to a 16M-byte space of banks 016 to FFie excluding SFR area (addresses 
000016 to 007Fie) and internal RAM area (addresses 008016 to 087F ie). 

The interrupt vector table allocated to addresses FFD616 to FFFFie of bank O16 must be set in ROM. 
This area contains the start address of the interrupt service routine for each interrupt source and reset. 
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Fig. 2.4.1 Memory map 
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Address (Hexadecimal notation) Address (Hexadecimal notation) 
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Fig. 2.4.2 SFR area memory map 
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2.4.2 Processor mode 

M37732 group can operate in microprocessor mode. ROM, RAM and peripherals can be expanded to any 
area (except for SFR and internal RAM area) within a 16M-byte addressable memory space. 

Figure 2.4.3 shows the structure of the processor mode register. Refer to section “3.3 Software reset” for 
software reset bit and section “2.6.6 Interrupt priority level detection time” for interrupt priority detection 
time selection bits. Wait bit is described next section “2.4.3 External memory area bus control”. 








b4 b3 bi b 


b6 bd b2 0 
Processor mode register (address 5E16) 


Fix this bit to “O”. 
Fix this bit to “1”. 


Wait bit 
0: Wait during external access 


1: No wait 


software reset bit 
1 : Software reset activated by writing “1” 
















Interrupt priority detection time selection bits 
00 : 7 cycles at internal clock @ 

01 : 4 cycles at internal clock ¢ 

10 : 2 cycles at internal clock @ 

11 : This is not available. 





Fix this bit to “O”. 


Note: Bit 7 is undefined at reading. 
Bits 0 and 2 to 6 are cleared to “O” at reset. 
Bit 1 is set to “1” at reset. 


Fig. 2.4.3 Processor mode register structure 
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2.4.3 External memory area bus control 

The BYTE pin and the wait bit provided to simplify access to external memory area are described below. 
The BYTE pin and the wait bit are valid only when accessing external memory area and have no effect 
when accessing internal RAM or SFR. 

If external memories are connected to the area overlapping with internal area, the data in internal area is 
read into the CPU when reading. In this case the data in external memory is not read into the CPU. When 
writing data, the data is written to both internal and external area. 
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(1) BYTE pin (external bus width selection pin) 


When accessing the external memory, the input level to the BYTE pin is used to select whether 8-bit 
data bus or 16-bit data bus (refer to section “2.5.3 (2) Data bus’). 

The external bus width becomes 16 bits when the BYTE pin is at “L” level. In this case, data read/ 
write to the external area is always performed in 16-bit (1-word) unit. And the pins A1e/De—Azs/D7 
become the data I/O pins for the low-order byte (even address data: Do—-D7) of a 16-bit data and the 
pins As/De—A1s/D1s become the data I/O pins for the high-order byte (odd address data: De—Di15) of a 
16-bit data. 

The external bus width becomes 8 bits when the BYTE pin is at “H” level. In this case, data read/write 
to the external area is always performed in 8-bit (1-byte) unit. And the pins A1e/Do—Aza/D7 become the 
data (Do to D7) I/O pins. The use of 8-bit peripheral ICs is simplified by setting the bus width for 
external area to 8-bit. 

The data width is always 16 bits when accessing the internal memory area regardless of the BYTE 
pin level. 


(2) Wait bit 


The wait bit (bit 2 at address 5E:6) is used to simplify access to external memory or I/O. When the 
wait bit is “O”, a wait for external area access is enabled (one-wait mode) and bus operation is 
performed at the speed of 2/3 of the bus cycle (bus cycle=f(Xin)/4) during no wait. When the wait bit 
is “1”, bus operation becomes no wait mode and bus cycle is f(Xin)/4. 

The wait bit is cleared to “0” at reset and the system starts in one-wait mode. Internal area access 
is always performed at no wait because this bit is ignored. 

Figure 2.4.4 shows the effect of the wait bit for external area access. 
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(a) Waveform when the external memory area is accessed with the wait bit is “1”. 
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* This waveform is always used when accessing the internal area. 


(b) Waveform when the external memory area is accessed with the wait bit is “O”. 
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* Waveform (a) is used for internal area access even when the wait bit is “O”. 


Fig. 2.4.4 Effect of wait bit for external area access (when BYTE pin="L” level) 
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2.5 Input/Output pins 


The M37732 group has 37 programmable 1/O pins (ports P4—P8). Ports P5—P8 also function as |/O pins for 
internal peripheral devices. 


Programmable I/O ports and the pin functions are described below. 


2.5.1 Programmable 1/O ports 

Each of the programmable I/O ports (ports P4—P8) has a direction register and a port register. The direction 
registers and the port registers are allocated in the SFR area of bank 01. The direction register is used 
to select the input/output mode by one bit. Input level of port is read from the pin selecting input mode by 
reading the port register. The data written to the port register is output from the pin selecting output mode. 
Figure 2.5.1 shows the memory allocation of the direction registers and the port registers. 


Address 


Are 
ie 
Cre 
Die 
Ere 


Fie Port P7 register 
Port P6 direction register 
Port P7 direction register 

, Port P8 register 
Port P8 direction register 





Fig. 2.5.1 Memory allocation of direction registers and port registers 
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(1) Direction register 
Direction of each port can be selected by setting the direction registers. Each bit of the direction 
register corresponds to a pin. Figure 2.5.2 shows the structure of the port Pi (i=4 to 8) direction 
registers. 
The port is set to input mode (input pin) when the corresponding bit is “0”, and to output mode ‘output 
pin) when the corresponding bit is “1”. 
The direction registers are cleared to “OO1e” at reset. Therefore, !/O ports are set to input mode. 
If /O ports are not used as output pins, set the corresponding direction register bit to “O” for input 


mode. 
b6 b4 b3 »b2  Obt1 
oo ra] 





Port Pi direction registers (l=4 to 8) 





Port direction selection bits 
0 : Input mode (the corresponding pin is an input pin) 
1 : Output mode (the corresponding pin is an output pin) 


Bit Sst wb? | 6 | bS | b4 | bs | b2 | bt | bd | 
Corresponding pin_| Pi7 | Pie | Pis | Pia | Pis | Pi2 | Pit | Pio | 


Note: There are no pins corresponding to the low-order 3 bits of port P4 direction register. 
These registers are cleared to “OOi6” at reset. 


Fig. 2.5.2 Port Pi (i=4 to 8) direction registers structure 
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(2) Port register | 
The port register is used to transfer data with external devices through the 1/O ports. Figure 2.5.3 
shows the relationship between the port registers and the pins. 
To output data from a port set to output mode, the data must be written to the corresponding bits of 
the port register. This data is written in the port latch and is output from the port set to output mode. 
If a bit of the port register corresponding to a pin programmed for output is read, the state of the output 
pin is not read but the contents of the port latch are read. Therefore, the previously output value can 
be read correctly even if the output “H” voltage drops or “L” voltage rises due to external load (refer 
to “Figure 2.5.4 Port peripheral circuits”). 
A port programmed for input is floated and the value input to the pin can be read by reading the 
corresponding bit of the port register. If a value is written to a bit of the port register corresponding 
to a port programmed for input, it is written in the port latch and the pin remains floating. 


b4 _b b2 _b1 


b7 b6  b5 3 b0 
wre ]Po a et 


Port Pio 
Port Pit 
Port Pie 
Port Pis 


Port Pis 
Port Pis 
Port Pic 
Port Piz 


Note: Data input/output is performed by reading or writing the corresponding bit to the pin. 
There are no pins corresponding to the low-order 3 bits of port P4 register. 
These registers are undefined at reset. 





Fig. 2.5.3 Relationship between port registers and pins 
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2.5 Input/Output pins 





2.5.2 Ports P4—P8 functions 
Ports P5—P8 (32 pins) have the special functions such as I/O pins for external interrupt, timer, A-D 
converter and Serial I/O as well as programmable I/O port function. Port P4 functions as only a programmable 
I/O port. Refer to the section on each function for ports P5—P8 function as I/O pins for peripheral devices. 
Ports P4—P8 function as programmable I/O ports after removing reset. 

Figure 2.5.4 shows the port peripheral circuits. Table 2.5.1 shows the function of ports P4—P8. Refer to 
section “2.5.1 Programmable |/O ports” for information concerning functions of the programmable |/O ports. 
Ports P5—P8 are forced to output mode when used as output pin for internal peripheral devices, but when 
used as input pin for internal peripheral devices, the direction register must be set to input mode because 
the contents of the port direction register has higher priority. 


Table 2.5.1 Function of ports P4-P8 


Pin 


Port P5 


(P50—P57) 


Port P6 
(P6o—P67) 


Port P/ 
(P70—P77) 


Port P8 
(P80~P87) 







Port P4 Programmable 1/O port 
(P4s—P47) 


Programmable |/O port 


Programmable 1/O port 


Programmable /O port 


Programmable /O port 


Function 2 


TAOout/RTPOo (P5o0):Timer AQ I/O pin / RTPOo output pin 
TAOin/RTPO1 (P51) :Timer AO input pin / RTPO: output pin 
TAtout/RTPO2 (P52):Timer A1 I/O pin / RTPOz2 output pin 
TA1iwWRTPOs (P53) :Timer A1 input pin / RTPOs output pin 


% RTPOn (n=0 to 3) 
is selected. 


Output pin is availabie when RTPO function 


TA2out/RTP io (P54):Timer A2 I/O pin / RTP1o output pin 
TA2i/RTP11 (P55) :Timer A2 input pin / RTP1: output pin 
TASout/RTP12 (P56):Timer A3 I/O pin / RTP12 output pin 
TA3iw”RTP1s (P57) :Timer A3 input pin / RTP1s output pin 


% RTPin (n=0 to 3) 
is selected. 

TA4out (P60) 

TA4in (P61) 

INTo (P62) 

INT: (P63) 

INT2 (P6a) 

TBO (P6s) 

TB1in (P66) 

TB2in (P67) 

ANo—ANe (P7o—P7e) : 

AN7/ADtre (P77) 





CTSo/RTSo (P80) 


CLKo (P81) 
RxDo (P82) 
TxDo (P8s) 
CTSi/RTS:1 (P84) 


CLK: (P85) 
RxD: (P86) 
TxD: (P87) 


output pin is available when RTP1 function 


‘Timer A4 I/O pin 

‘Timer A4 input pin 

:INTo interrupt signal input pin 
‘INT: interrupt signal input pin 
-INT2 interrupt signal input pin 
‘Timer BO input pin 

‘Timer B1 input pin 

‘Timer B2 input pin 


Analog input pin 


‘Analog input pin when AN7 function is selected 





External trigger input pin when ADrrc function is 
selected 


‘UARTO transmit enable signal input pin when 





CTSo function is selected 
UARTO receive enable signal output pin when 
RTSo function is selected 


‘UARTO transmit/receive clock I/O pin 

‘UARTO receive data input pin 

:UARTO transmit data output pin 

‘UART1 transmit enable signal input pin when 


CTS: function is selected 
UART1 receive enable signal output pin when 
RTS: function is selected 


‘UART1 transmit/receive clock 1/O pin 
‘“UART1 receive data input pin 
‘“UART1 transmit data output pin 
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Ports P4s—P4e 
(dotted area not included) 






i Direction register al 
: 
aa 








Data bus 


Ports P47, P6:1—P67, P82, P8e 
(dotted area included, however no 
hysteresis for P82 and P8e) 






Ports P7o—-P7e (dotted area not included) 


Direction register 
oe) 


et 
N\ 


Port P77 (dotted area included) Data bus 





Ports P83, P87 
(dotted area not included) 












Ports P5o-P57, P60 eos 
(dotted area included) 
hi 
Ports P80, P81, P8s, P8s 
Data bus 


D Bg 
“i 
| 
<q 


E output pin 


Fig. 2.5.4 Port peripheral circuits 
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2.5 Input/Output pins 


2.5.3 Pin functions 
The functions of each pin are described below. 


(1) Address bus (pins Ao—A7, pins As/Ds—A1s/D15, pins A1s/Do—Az3/D7) 
Pins Ao—A7 output the low-order 8 bits of the address signal. 
Pins As/De—A15/D15 output the middle-order 8 bits of the address signal. Pins A1e/Do—Az3/D7 output the 
high-order 8 bits of the address signal. 
Pins As/De—A1s/D1s and pins A1e/Do—Azs/D7 function as data I/O pins as the same time. Therefore, pins 
As/Ds—Ais/Dis and pins A16/Do—Azs/D7 perform time division multiplexing of address output and data 
input/output. 
The M37732 group allows direct access to 16M-byte space from addresses 00000016 to FFFFFFe. 
Therefore, 24 address signals are output externally. 
Figure 2.5.5 shows the relationship between the address bus and the output pins. 


A19/Dis~As/Ds 





_ Fig. 2.5.5 Relationship between address bus and output pins 


(2) Data bus (pins As/Ds—A1s/Dis, pins A16/Do—A23/D7) 
In addition to address signal (high-order and middle-order address bus) output pin function, pins As/ 
De—Ai1s/D1is and pins A16/Do—Azs/D7 also function as data I/O pins. The level of the BYTE pin can be 
used to select between 8-bit and 16-bit data bus width. 


@When the BYTE pin Is at “L” level (16-bit external bus width) 
When the BYTE pin is at “L” level, the external bus width is 16 bits and even address data and odd 
address data are output simultaneously. Pins As/De—Ais/Dis and pins A1e/Do—Azs/D7 are used as 
address bus and data bus, and multiplex signals (address signal and data signal) are output from 
these pins. 
Pins As/Ds—A15/Dis perform time division multiplexing of address (As—A1s) output and data input/ 
output in odd address (high-order byte of 16-bit data). Middle-order address is output while E signal 
is at “H” level, and data input/output in odd address is performed while E signal is at “L” level. 
Similarly, pins A1e/Do~Azs/D7 perform time division multiplexing of address (A1e—Azs) output and data 
input/output in even address (low-order byte of 16-bit data). High-order address is output while E 
signal is at “H” level, and data input/output in even address is performed while E signal is at “L” level. 
Figure 2.5.6 shows the relationship between the data bus and the |/O pins (when BYTE pin=“L” 
level). Figure 2.5.7 shows the bus timing when external bus width is 16 bits. 
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Ais jAid IF A1a! [Ait {Atd/ {As/ | Aa/ 
Dis Di2 {D1 Ds | Ds 


Ai5/D15—As/Ds 





A23/D7—A14/Do 
Fig. 2.5.6 Relationship between data bus and I/O pins (when BYTE pin=“L” level) 


E 


Ao—A7 Low-order address 


As/De—A1s/Dis Middle-order address Data in odd address 
A1e/Do—Aza/D7 High-order address Data in even address | 


Fig. 2.5.7 Bus timing when external bus width is 16 bits (when BYTE pin=“L” level) 
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@When the BYTE pin is at “H” level (8-bit external bus width) 
When the BYTE pin is at “H” level, the external bus width is 8 bits and pins A1e/Do—A23/D7 perform 
time division multiplexing of address (A1e—Az3) output and data input/output. 
Address is output while E signal is at “H” level, and 8-bit data is input/output when E signal is at “L” 
level. 
Figure 2.5.8 shows the relationship between the data bus and the !/O pins (when BYTE pin=“H” 
level). Figure 2.5.9 shows the bus timing when externa! bus width is 8 bits. 


BO Kal aad Lad ed Lint Ld Dd 


Dr [oe [pe [os [oe [be [or | oe 
D7_|Ds | Ds | Da | Ds D1 


A2a/D7—A14/Do 













I/O pins 





Fig. 2.5.8 Relationship between data bus and I/O pins (when BYTE pin=“H” level) 


Ao—A7 Low-order address 


As/Ds—Ai15/D15 Middle-order address 


Aie/Do—Aza/D7 High-order address 


Fig. 2.5.9 Bus timing when external bus width is 8 bits (when BYTE pin=“H” level) 
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(3) Vec, Vss pins 
These are microcomputer power voltage supply pins. Supply 5V+10% to Vcc pin and GND (0V) to Vss 
pin. 


(4) CNVss pin 
Connect to Vcc pin. 


(5) AVcc, AVss pins 
These are A-D converter power voltage input pins. Connect AVcc pin to Vcc pin and AVss pin to Vss 
pin. 


(6) Vrer Input pin 
This pin is used to input the reference voltage during A-D conversion. A-D conversion can be performed 
for analog input voltage from Vss level up to the level of this pin. It is available to supply the optional 
voltage up to the Vcc level. 


(7 


= 


Xin, Xout pins 

These are clock input and output pins for the internal oscillator circuit. Connect a ceramic resonator 
or a crystal resonator between Xin and Xour pins. When using an external clock, connect the clock 
source to Xin pin and leave Xour pin open. The maximum clock input frequency of the M37732S4FP, 
M37732S4AFP, and M37732S4BFP is 8MHz, 16MHz, and 25MHz respectively. 


(8) RESET input pin 
This pin is used to input the reset signal. The microcomputer is reset state when “L” level is input to 
this pin. Reset state is removed and a program starts from the address set in the reset vector when | 
this pin is returned to “H” level. Refer to “CHAPTER 3. RESET” for details. 
(9) R/W output pin | 
This pin is used to output the read/write signal indicating the data bus state. This pin is at “H” level 
when the data bus is read, and it is at “L” level when data is written to the data bus. This signal is 
used for external memory input/output requests. 


bd 


(10) BHE output pin 
This pin is used to output the byte high enable signal. This pin is at “L” level when an odd address 
is accessed. This signal is used to connect the 8-bit memory and I/O when the external bus is used 
at 16-bit width. 


Refer to section “CHAPTER 9. APPLICATION” for memory and I/O connection method. 


(11) ALE output pin | 
This pin outputs the ALE signal to obtain only address signal from the multiplex signals of pins As/ 
De—Ais/Dis and pins A1e/Do—Az3/D7. A latch is opened externally when the ALE signal is at “H” level 
to obtain the address data, and the latched contents are held while the ALE signal is at “L” level. 


(12) HOLD Input pin 
This pin is used to input the Hold request signal. The microcomputer becomes Hold state while this 
pin is at “L” level. When this pin is returned to “H” level, the Hold state is removed. 
Refer to section “2.13 Hold function” for details. 


(13) HLDA output pin 
This pin is used to output the Hold acknowledge signal. The Hold acknowledge signal externally 
indicates that “L” level is input to the HOLD pin and the microcomputer is in Hold state. “L” level is 
output from this pin while the microcomputer is in Hold state. 
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(14) RDY input pin 
This pin is used to input the Ready signal. The bus cycle E can be stopped (Ready state) when “L” 
level is input to this pin. The port and bus state at inputting “L” level to the RDY pin is maintained 
in Ready state. 
Refer to section “2.14 Ready function” for details. 


(15) E output pin 
This pin is used to output the enable signal. Data input/output is performed when the output of this 
pin is at “L” level. This signal controls the time division multiplexing of address and data. 


(16) BYTE pin | 
This pin is used to select the externa! bus width. The input level to this pin determines whether the 
external memory is used with 16-bit data width or 8-bit. When the BYTE pin input level is at “L”, the 
data width is 16 bits. When the BYTE pin input level is at “H”, the data width is 8 bits. Refer to section 
“2.5.3 (2) Data bus” for details. However, the data width is always 16 bits regardless of the BYTE 
pin level when accessing an internal area. 


(17) Clockd: output pin 
This pin outputs the clock @¢: which is divided the clock to Xin pin by 2. 
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2.6 Interrupts 

The suspension of the current operation in order to perform another operation due to a certain event is 
referred to as an “interrupt”. Interrupt is used when there is a request to execute a higher priority routine 
or when an operation must be performed at a certain timing. 


2.6.1 Interrupt functions 

The M37732 group has 19 different sources of interrupts. When an interrupt is occurred, a branch is made 
to the address (branch address) corresponding to the source. The branch address must be stored in the 
interrupt vector table. The interrupt vector table is allocated at addresses FFD616 to FFFFie in bank O16. When 
writing programs, branch must be made to i 


the address in the interrupt vector table corresponding to each 
interrupt (interrupt vector address). The branch address is the start address of the interrupt processing 
routines (interrupt service routine). Figure 2.6.1 shows the interrupt mechanism. 


Executing routine 
Interrupt service routine 


Processing interrupt 
Accepting interrupt request ——B> 


Suspend operation 


End of processing interrupt 


RTI instruction 





Resume processing | 





Fig. 2.6.1 Interrupt mechanism 
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When an interrupt request is accepted, the contents of the following registers before the interrupt are 
stored automatically to the stack area in the order O7-@-©. 


@ Program bank register (PG) 
@ Program counter (PC, PCx) 
® Processor status register (PS:, PSx) 


The procedure of storing these registers depends on whether the contents of the stack pointer S are even 
or odd. When the contents of the stack pointer S are even, the contents of the program counter PC and 
processor status register PS are stored in 16-bit unit. When the contents of the stack pointer S are odd, 
they are stored in 8-bit unit. Figure 2.6.2 shows the state of the stack area when an interrupt request is 
accepted. 

When interrupt processing completes, the control must be returned to the original routine to resume 
processing. Therefore, the RTI instruction is used to return to the original routine and the above registers 
stored to the stack area are restored in the order of @-@-—@ to resume operation. 

Only the above registers © to @ are stored automatically when an interrupt request is accepted. The user 
is responsible for storing other necessary registers by program. 


Ot 
Memory 


Address aie ak 
S—4 Low-order byte of processor status register (PSL) 


S-3 High-order byte of processor status register (PSt) 





S-2 Low-order byte of program counter (PC) 


S-1 High-order byte of program counter (PCx) 


S Program bank register (PG) 


ae ee 


% S is the first address that the stack pointer indicates at accepting 
an interrupt request. 


Fig. 2.6.2 State of the stack area when an interrupt request is accepted 
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2.6.2 Sources of interrupts 
Table 2.6.1 shows the sources of interrupts and the corresponding vector address. Store the start address 
of the interrupt service routine at the vector address shown in this table by program. 


Table 2.6.1 Interrupt sources and vector address 


| Vector address 


Interrupt source High-order Remarks 
address address 


Reset (Note 1) OOFFFFie OOFFFE:e |Non-maskable 





Zero division Non-maskable software interrupt 

BRK instruction Non-maskable software interrupt 

DBC (Note 2) OOFFF9:6 Not used normally 

Watchdog timer Non-maskable interrupt 

INTo External interrupt due to INTo pin input signal 
INT: External interrupt due to INT: pin input signal 
INT2 External interrupt due to INT2 pin input signal 
Timer AO Timer AO internal interrupt 

Timer A1 Timer A1 internal interrupt 

Timer A2 Timer A2 internal interrupt 

Timer A3 Timer A3 internal interrupt 

Timer A4 Timer A4 internal interrupt 

Timer BO Timer BO internal interrupt 

Timer Bt. Timer B1 internal interrupt 

Timer B2 Timer B2 internal interrupt 


UARTO reception Valid only when the UARTO function is selected. 
UARTO transmission | 

UART1 reception Valid only when the UART1 function is selected. 
UART1 transmission OOFFD8i6 

A-D conversion OOFFD6:e | Internal interrupt due to completion of A-D conversion 


Note 1: Reset is included in this table. 
Note 2: The DBC is an interrupt for the exclusive use of the debug control interrupt and is not used, usually. 
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Each interrupt source is described below. 


(1) Internal interrupt 
Table 2.6.2 shows the sources of internal interrupt request. 


Table 2.6.2 Internal interrupt request sources 


Interrupt Interrupt request source 

Zero division Occurs when 0 is specified as the divisor for the DIV instruction. 
(Refer to “MELPS 7700 SOFTWARE MANUAL”) 

BRK instruction Occurs when the BRK instruction is executed. 
Refer to “MELPS 7700 SOFTWARE MANUAL” 

Watchdog timer Occurs when the topmost bit of the 12-bit watchdog timer becomes “0”. 
Refer to section “2.12 Watchdog timer” 

Timer Ai Occurs when timer Ai (i=0 to 4) underflows or overflows. 
Refer to section “2.7 Timer A” 

Timer Bi Occurs when timer Bi (i=0 to 2) underflows or overflows. 


Refer to section “2.8 Timer B” 
UARTIi reception Occurs during UARTi (i=0,1) receive. (Refer to section “2.10 Serial 1/O”) 
UARTIi transmission| Occurs during UARTi (i=0,1) transmit. (Refer to section “2.10 Serial 1/O”) 
A-D conversion Occurs when A-D conversion completes. (Refer to section “2.11 A-D Converter’) 








(2) External Interrupt (INTo to INT2 Interrupts) 
M37732 group has three external interrupts (INTo to INT2). These interrupt requests are occurred by 
input level or input edge to pins INTo—INTz. The interrupt request sources can be selected by using bits 
4 and 5 of the INTi (i=0 to 2) interrupt control register shown in Figure 2.6.4. Table 2.6.3 shows the 
sources of INTi interrupt requests. 
Pins INTc—INT2 are shared with ports P62—P6.. Therefore, the corresponding bit in the port P6 direction 
register must be cleared to “0” in order to use these pins as external interrupt input pins. If the INTi 
interrupts are not used, the INTi interrupt priority level (refer to next section) should be set to 0 because 
the INTi interrupts always monitor the state of ports P62—-P6. to raise interrupt requests. 
The input signal to the INTi pins must have pulse width greater than 250ns at “H” level or “L” level 
regardiess of the external clock input frequency f(Xin). 


Table 2.6.3 INTi Interrupt request sources 


b5 Interrupt request source 

0 | 0 |Interrupt request occurs when falling edge of the signal input to the INT pin. 
0 Interrupt request occurs when rising edge of the signal input to the INTi pin. 
1 | 0 | Interrupt request occurs when the INTi pin level becomes “H’. 

1 | 1 | Interrupt request occurs when the INTi pin level becomes “L”. 
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2.6.3 Interrupt control 

The enabling and disabling of interrupts are controlled by the interrupt request bit, interrupt priority level, 
processor interrupt priority level (IPL), and interrupt disable flag (1) (excluding non-maskable interrupts). 
The interrupt disable flag and the processor interrupt priority level are assigned to the processor status 
register (PS). The interrupt request bit and the interrupt priority level selection bits are assigned to the 
interrupt control register of the respective interrupt. Figure 2.6.3 shows the memory map of the interrupt 
control register and Figure 2.6.4 shows the structure. However, there is no interrupt control register for non- 
‘maskable interrupts such as zero division interrupt, the BRK instruction interrupt, and watchdog timer 
interrupt. 


@Non-maskable interrupt: An interrupt that branches to the interrupt service routine regardless of 
the interrupt disable flags. 
@Maskable interrupt: An interrupt that can be disabled with the interrupt control flags. 


Address 


7Fie | INT2 interrupt control register 





Fig. 2.6.3 Interrupt control register memory map 
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@A-D conversion, UARTO and 1 transmission, UARTO and 1 receive, timers AO to A4, timers BO to B2 
interrupt control registers 


b3 b2 bi b0 


b7 b6 b5~ »b4 


(addresses 7016 t6 7Ci16) 









Interrupt priority level selection bits 


Interrupt request bit 
0 : No interrupt request 
1 : Interrupt request 


Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to “O” at reset. 
Use the SEB and CLB instructions when setting each interrupt control register. 


@INTo to INTz interrupt control registers 
b4 b b2 bt 


b5 3 bO 
[eve] | row] | row (addresses 7D16 to 7F:s) 


Interrupt priority level selection bits 


b7_ b6 





Interrupt request bit 
0 : No interrupt request 
1 : Interrupt request 


Level/Edge selection bit 

0 : Set interrupt request bit at “H” level for level 
sense and the falling edge for edge sense. 

1 : Set interrupt request bit at “L” level for level 
sense and the rising edge for edge sense. 


Level sense/Edge sense selection bit 
0 : Edge sense 
1 : Level sense 


Note: Bits 6 and 7 are undefined at reading. 
Bits 0 to 5 are cleared to “OQ” at reset. 
Use the SEB and CLB instructions when setting each interrupt control register. 


Fig. 2.6.4 Interrupt control register structure 
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The interrupt control bits are described below. 


46 


(2) interrupt request bit 


(1) Interrupt disable flag (I flag) 


The interrupt disable flag (| flag) is assigned to the processor status register bit 2. This flag can be 
used to disable all maskable interrupts. All maskable interrupts are disabled when the | flag is set to 
“14" and enabled when it is cleared to “0”. This flag is set to “1” at reset and must be cleared to “0” 
if interrupts are to be enabled. 


When an interrupt request occurs, the interrupt request bit which is bit 3 of the corresponding interrupt 
control register is set to “1”. The interrupt request bit remains set until the interrupt request is accepted, 
and is cleared to “O” when the interrupt request is accepted. 

This bit is used to indicate that an interrupt request has occurred. This bit can also be set or cleared 
by program. Use the SEB and CLB instructions when setting interrupt request bit. 

The INTi interrupt request bit’s function is not available when used in level sense mode. 


(3) Interrupt priority level and processor interrupt priority level (IPL) 


An interrupt priority level between 0 and 7 can be assigned to each interrupt by using the interrupt 
priority level selection bits which are assigned to bits 0 to 2 of each interrupt control register. Use the 
SEB and CLB instructions when setting interrupt priority level selection bits. When an interrupt request 
occurs, this priority level is compared with the processor interrupt priority level in the processor status 
register. 


Interrupt priority level > Processor interrupt priority level (IPL) 


An interrupt is enabled when the above condition is satisfied. Therefore, an interrupt can be disabled 


The interrupt disable flag, interrupt request bit, interrupt priority level, and IPL are independent of each 
other and do not affect each other. An interrupt is occurred only when all of these bits are properly 
set. These bits can be used to control interrupt priorities in a variety of ways by program. 

Table 2.6.4 shows the setting of interrupt priority levels and Table 2.6.5 shows the interrupt enable 
levels corresponding to IPL setting. 
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Table 2.6.4 Setting of interrupt priority levels 





oO | oO | © [Level 0 (Interrupt disabled) — 
oO | oO [| 14 {Levelt Low 
o | 1 | oO  JLevel 2 | 

0 1 1 Level 3 

dees, = Oe | =O), = ICON A as nn a el 

1 | OFC] 4 ftevel 5 

1 | 4h 6[) OT tkevel6 (eC 

1 High 


Table 2.6.5 Interrupt enable levels corresponding to IPL setting 





IPL2 Enabled interrupt priority level 
0 | 0 | 0 | Enable level 1 and above interrupts. 
0 | 0 | 1 {Enable level 2 and above interrupts. 
0 | ==1 | 0 {Enable level 3 and above interrupts. 
0 Enable level 4 and above interrupts. 
1 | 0 | 0 | Enable level 5 and above interrupts. 
1 0 1 __| Enable level 6 and above interrupts. 
as Saal ee O [Enable level 7 interrupts. 
1 Disable all maskable interrupts 


IPLo: Processor status register bit 8 
IPL1: Processor status register bit 9 
IPL2: Processor status register bit 10 


2.6.4 Interrupt priority level 

All interrupts have an assigned priority level. When more than one interrupt request occurs during the same 
sampling timing (timing in which interrupt requests are checked) while accepting all interrupt requests are 
enabled, the one with the highest priority level is accepted. 

The 16 interrupt sources of all 19 sources except for software interrupts (zero division and the BRK 
instruction interrupt) and watchdog timer interrupt can be set by program using the interrupt priority level 
selection bits in the interrupt control register. Reset (highest priority level) and watchdog timer interrupt 
priority levels are set by the hardware. Figure 2.6.5 shows the hardware controlled interrupt priority levels. 


4 


[| |<(000<L <b < [ree 


A-D conversion, UART interrupt, and so on Priority levels determined by hardware 





Interrupt priority levels inside of the dotted line are user settable 





Fig. 2.6.5 Hardware controlled interrupt priority levels 


2.6.5 Interrupt priority level detection circuit 

The M37732 group is equipped with an interrupt priority level detection circuit to select the highest priority 
level when more than one interrupt request occurs during the same sampling timing. Figure 2.6.6 shows 
the interrupt priority level detection circuit. 
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Level zero 

_Interrupt priority level (initial value) r _Interrupt priority level_ 1 
| | 
| | | | 
| \/ \/ | | 
| | | | 
| JUART1 transmission | 
| | | | 
| | \ / \/ | | 
| | | | 
| UART1 reception | 
| | | | 
\/ \/ . 
| | | | 
| UARTO transmission ) . 
| | \ / \/ | | 
| | | | 
| [Deantorecepion 1 : | 
| | | | 
| | | | 
| | | — | 
| INT2 | 
| | | | 
| | y by | | 
| | | | 
| INT! | 
| | | | 
| 1\ / \/ | | 
| 7 | | | 
| INTo | 
| | | | 
Le eee 1\/ N77 Pee eee J 

The highest priority level interrupt IPL 
\ / Processor interrupt priority level 


Interrupt r) - 
disable flag 
Watchdog timer .> The accepting of interrupt request 


Reset 


Fig. 2.6.6 Interrupt priority level detection circuit 
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| Interrupt source Y | 


ledany ) X: The highest priority level at this point - 
ernionly ae Y: Priority level of interrupt source Y 
detection) 


Z: The highest priority level at this point 





Z 
@ If X=Y then Z=X 


@ If X<Y then Z=Y 





[ Relation when the software set priority levels are same ] 


INTo < INT1 < INTz < Timer AO < Timer A1 < Timer A2 < Timer A3 < Timer A4 < Timer BO < Timer B1 
< Timer B2 < UARTO reception < UARTO transmission < UART1 reception < UART1 transmission < A-D 
conversion 

Fig. 2.6.7 Interrupt priority level detection model 


The operation of the interrupt priority level detection circuit shown in Figure 2.6.6 is described with interrupt 
priority level detection model shown in Figure 2.6.7. 

The priority level of the requested interrupt (Y in Figure 2.6.7) is compared with the priority level of the 
upstream interrupt (X in Figure 2.6.7) (initial priority level is 0) in the order shown in Figure 2.6.6 and the 
higher level interrupt is sent downstream for comparison with next interrupt (Z in Figure 2.6.7). Unrequested 
interrupts are not compared and upstream interrupt is passed unchanged to downstream. If the priority levels 
are equal, the upstream interrupt is selected. Therefore, the following relation exists if the software set 


priority levels are the same. 


INTo < INT: < INT2 < Timer AO < Timer A1 < Timer A2 < Timer A3 < Timer A4 < Timer BO < Timer B1 < 
Timer B2 < UARTO reception < UARTO transmission < UART1 reception < UART1 transmission < A-D 
conversion 


When there are multiple interrupts during the same sampling timing, the interrupt with the highest priority 
level is selected as the result of this comparison. Then, that interrupt request is accepted and its interrupt 
service routine is executed if its interrupt priority level is higher than the processor interrupt priority level 
(IPL) and the interrupt disable flag is “O”. 

The detection of interrupt priority level is synchronized with the sampling pulse occurred during the operation 
code fetch cycle of CPU. While the interrupt priority level is being checked, the interrupt request bit and 
the interrupt priority level are latched so that they do not change. They are sampled at the first half of the 
operation code fetch cycle and latched from the second half to the end of the level detection. Note that 
while the priority level is being checked, no sampling pulse is occurred even when it is the operation code 
fetch cycle. (Refer to Figure 2.6.8.) 
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2.6.6 Interrupt priority level detection time 

With the M37732 group, the time which it takes for the interrupt priority level detection circuit to determine 
the level of an interrupt can be set by program. Figure 2.6.8 shows the interrupt priority level detection 
time. The detection time can be set to 7, 4, or 2 cycles according to the contents of the interrupt priority 
detection time selection bits (bits 4, and 5 at address 5E:6«) in the processor mode register. The interrupt 
priority detection time selection bits are cleared to “00” at reset and the 7 cycles at internal clock @ are 
selected for interrupt priority level detection time. Normally, use these bits set to “10”. 


(1) Interrupt priority detection time selection bits 
b7 


b4 b b2 b 


_b6__bS 3 1 bO 
[aw] Rw| rw] w | pw Rw Rew Processor mode register (address 5E:s) 


Fix this bit to “O”. 











Fix this bit to “1”. 


Wait bit 
Software reset bit 


Interrupt priority detection time selection bits 
00 : 7 cycles at internal clock @ ( (a) in (2) ) 
01 : 4 cycles at internal clock @ ( (b) in (2) ) 
10 : 2 cycles at internal clock ¢ ( (c) in (2) ) 


11: This is not available. 
Note: 1 cycle= @ : f(Xin)/2 


Fix this bit to “0”. 


This bit is undefined at reading. 


(2) Priority level detection time 


Internal clock @ | | | | | | | | | | | | | | | | | | 
Operation code fetch cycle | | | | 
Sampling pulse | | to 1 (Note 1) 
(a) 7 cycles | | 
Priority 
level (b) 4 cycles | | 
detection 
time 
(c) 2 cycles | | | | 


Note 1: Pulse exists if 2 cycles is selected for priority level detection time. 


Fig. 2.6.8 Interrupt priority level detection time 
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2.6.7 Interrupt processing sequence 

The sequence of events from the receiving of interrupt request in the main routine to the start of the 
interrupt service routine is referred to as the interrupt processing sequence. 

When an interrupt request is accepted, interrupt processing starts from the next cycle of the instruction at 
the time of the accepting interrupt request. Figure 2.6.9 shows the interrupt processing sequence. 

After execution of an instruction at the time of the accepting interrupt request completes, an INTACK 
(interrupt Acknowledge) sequence is executed and controi is passed ito the beginning of the interrupt 
service routine allocated in bank O16. The INTACK sequence operates as follows. 


@ The contents of the program bank register (PG) just before the INTACK sequence are stored to stack. 

@ The contents of the program counter (PC) just before the INTACK sequence are stored to stack. 

@ The contents of the processor status register (PS) just before the INTACK sequence are stored to 
stack. 

® The interrupt disable flag is set to “1”. 

® The interrupt request bit of the accepted interrupt is cleared to “0”. 

© The interrupt priority level of the accepted interrupt is set in IPL. 

@ The contents of the program bank register (PG) are set to “OO16” and the interrupt vector address is 
loaded in the program counter (PC). 


The INTACK sequence requires a minimum 13 cycles (1 cycle=d¢=f(Xin)/2). Figure 2.6.10 shows the 
INTACK sequence timing. 


The interrupt service routine is started after completing the INTACK sequence. 


Interrupt request is accepted. 
Interrupt request occurs. 


a INTACK sequence Instructions in interrupt service routine 


ices iiitina: | processing sequence 


@ : Interrupt priority level detection 





Fig. 2.6.9 Interrupt processing sequence 
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LLL LA 
me X= Xe X= X= Ke Xo Ke Xe X= Ko = Xx 


mr me Xm Xe Ke Kea Kes KeaXes Kes Xa naan 


| 
DATA __X_Netused Xatinee APC wove XPO%PCH ama XPS Aue X _Notused AD ADL) RSs” 
| 
ee: as 


¢ceu : CPU standard clock 
Ap: High-order 8 bits of the CPU internal address bus 
AxA.: Low-order 16 bits of the CPU internal address bus 


DATA: CPU internal data bus 
I; Interrupt disable flag 





Fig. 2.6.10 INTACK sequence timing 


(1) Change in IPL 
When an interrupt request is accepted, the IPL in the processor status register is replaced by the 
interrupt priority level of the accepted interrupt. 
If the interrupt is a reset, watchdog timer, or software interrupt, the value shown in Table 2.6.6 is set 
in the IPL. This operation is meaningful when multiple interrupts are used (refer to section “2.6.9 
Multiple interrupts”). 


Table 2.6.6 Change in IPL 


Interrupt source Change in processor interrupt priority level 
Reset 0 (0002) | 
Watchdog timer 7 (1112) 
Zero division No change 
BRK instruction No change 
Other interrupts Interrupt priority level of the accepted interrupt request 
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(2) Storing registers 
The register storing operation performed during INTACK sequence depends on whether the contents 
of the stack pointer S at the time of the accepting interrupt request are even or odd. 
When the contents of the stack pointer S are even, the contents of the program counter PC and 
processor status register PS are stored as 16-bit simultaneously at each other. When the contents of 
the stack pointer S are odd, they are stored in 8-bit unit. Figure 2.6.11 shows the register storing 
operation. 
In the INTACK sequence, only the contents of the program bank register PG, program counter PC, 
and processor status register PS are stored to stack area. Other registers must be stored by program 
at the beginning of the interrupt service routine as necessary. 
The M37732 group provides the PSH instruction which stores all CPU registers except for the stack 
pointer with a single instruction. | 


(1) Stack pointer S is even 








Address 


S—4 (even)| Processor status register PS: (low-order byte) 


SAAT COA BOR I lS 


Store order 
<1. 
| @Store simultaneously 











S-—3 (odd) | Processor status register PSx (high-order byte) 


S—2 (even)| Program counter PC (low-order byte) 


| @Store simultaneously 
S—1 (odd) | Program counter PCx (high-order byte) 
<«— @ 


S (even) Program bank register PG 


Storing completes for 3 cycles. 


(2) Stack pointer S is odd 


Address Store order 


S—4 (odd) | Processor status register PS: (low-order byte) =— © 







S-3 (even)| Processor status register PSx (high-order byte) _—— 
S—2 (odd) | Program counter PC: (low-order byte) << Store by each 8 bits 


S—1 (even)} Program counter PCx (high-order byte) —_—— 


OS oe ®@ 


S (odd) Program bank register PG —= 


Storing completes for 5 cycles. 


%* S is the first address that the stack pointer indicates at accepting an interrupt request. 


Fig. 2.6.11 Register storing operation 
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2.6.8 Returning from an interrupt service routine 

The RTI instruction is used at the end of the interrupt service routine to return to the interrupted routine 
and continue processing. The RTI instruction restores the contents of the program bank register PG, the 
program counter PC, and the processor status register PS stored before entering the interrupt service 
routine to their original registers. 

The registers stored within the interrupt service routine must be restored with the PUL instruction before 
executing the RTI instruction. When they are restored with the PUL instruction, use the same data/register 
length as they were stored. The state of other interrupt request bits are retained after branching to the 
interrupt service routine. Therefore, if these interrupts are to be disabled after returning, these interrupt 
request bits must be cleared to “0” before executing the RTI instruction. 


2.6.9 Multiple interrupts 

The interrupt disable flag | is set to “1” in order to 
disable further interrupts and the interrupt request . 

bit of the accepted interrupt is cleared to “0” when 

a branch is made to an interrupt service routine. 
However, if there are multiple interrupt requests, 
the interrupt request bit of the interrupt that was 
rejected by the interrupt priority level detection circuit 
remains set to “1”. | 

The IPL (processor interrupt priority level) in the 
processor status register changes to the priority level 
of the accepted interrupt. Therefore, if the interrupt 
disable flag | is cleared to “0” in the interrupt service 
routine for the accepted interrupt, interrupt request 
with priority level higher than the current interrupt 
can be accepted as long as IPL is unchanged. This 
is referred to as multiple interrupts. 

Figure 2.6.12 shows the multiple interrupt mechanism. 


Interrupt 3 request 
a cannot be accepted 
RTI instruction because the priority 
level of interrupt 3 is 
lower than interrupt 1's. 


—) : They are set automatically. 


fl : Set by program. 


Fig. 2.6.12 Multiple interrupt mechanism 
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2.6.10 Interrupt response time and interrupt delay time 

When an interrupt request occurs, the priority level must be checked and the INTACK sequence must be 
executed before interrupt service routine can start. The interval between the interrupt request and the start 
of the interrupt service routine is referred to as the interrupt response time. This is shown in Figure 2.6.13. 
Interrupt priority level detection is performed at the beginning of each instruction and during the INTACK 
sequence. This is performed in parallel with the instruction execution. Therefore, the interrupt response 
time is the sum of @ through @ as follows (in Figure 2.6.13): 


@ The interval from the occurrence of the interrupt request until the instruction being executed completes. 


@® The interval from the start of the next instruction (start of interrupt priority level detection) until the end 
of the instruction being executed at the end of priority level detection. 


@ Time required to execute the INTACK sequence (13 cycles minimum, 15 cycles maximum). 


lf registers are stored at the beginning of the interrupt service routine, the time required for this operation 
(context switching time) must also be added. The sum of the interrupt response time and the context 
switching time is the interrupt delay time (refer to Figure 2.6.13). This is the time required for the interrupt 
processing program to start after an interrupt request occurs. The interrupt delay time is expressed by the 
following equation. 


Interrupt delay time = (time required to execute instruction 1) + (time required to execute instruction 
2) — 0.59 + (INTACK sequence interval) + (context switching time) 


Interrupt request is accepted. 
Interrupt request occurs. 


Instructions in interrupt service 
e 5 routine 


Interrupt response time 


Interrupt delay time 


@ : Interrupt priority level detection 





Fig. 2.6.13 Interrupt response time and interrupt delay time 
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[Precautions when using interrupts] 


1. 
2. 


Use the SEB and CLB instructions for setting each interrupt control register (addresses 7016 to 7Fie). 
When the INTi interrupt is used in level sense mode, the INTi interrupt request bit’s function is not 


- available. 





The interrupt request is not retained when changing from valid level to invalid level if interrupt request 
is not accepted during valid level. Figure 2.6.14 shows the INTi interrupt during level sense mode. 
If the level of the INTi pin is valid (did not change from valid level to invalid level) when returning to the 
original routine after processing an interrupt, INTi interrupt is occurred as shown in Figure 2.6.15. 


“1” (disable) 
Interrupt disable flag | | | 
“0” (enable) 


Valid 


INTi pin level 


Invalid 


Interrupt enable interval 


This interrupt request is not retained because INT; 
pin returns to invalid level before accepting the 
interrupt request. 


Fig. 2.6.14 INTi Interrupt during level sense mode 





Interrupt request is accepted. 


Return to main routine 


Valid 


INTipin level 
Invalid 


Main routine --- 


. . _ Main routine 
First interrupt service Second interrupt Third interrupt 


routine service routine service routine 


Fig. 2.6.15 Repeating INTi interrupt (level sense) 
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3. To change the INTi interrupt from level sense to edge sense, set the INTi interrupt control register in the 
sequence shown in Figure 2.6.16 (1). 
To change the INTi interrupt polarity, set the INTi interrupt control register in the sequence shown in Figure 
2.6.16 (2). 


(1) Switching fiow (from level sense to edge sense) (2) Poiarity changing flow 


Set the interrupt priority level to level 0 Set the interrupt priority level to level 0 
( Disable INTi interrupt ) ( Disable INTi interrupt ) 


Set the Level sense/Edge sense selection bit to “0” Set the Level/Edge selection bit 


( Select edge sense ) 


AT An a Ta Went. -aOSEDOEP NY sR ee mel 


( Clear the interrupt request bit to “0” ——) 
Clear the interrupt request bit to “O” | 


Set the interrupt priority level to level 1 to 7 
(Enable the accepting of INTi interrupt request ) 


Set the interrupt priority level to level 1 to 7 
( Enable the accepting of INTi interrupt request ) 


%* Use the SEB and CLB instructions for setting INTi interrupt control registers. 





Fig. 2.6.16 INTi interrupt control register setting flow 
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2.7 Timer A | 
Timer A consists of five 16-bit timers (timers AO to A4). External output is the main function of these timers. 
Timers AO to A4 operate independently and each can operate in one of four different modes. 


2.7.1 Timer A description 

Timer Ai (i=0 to 4) has four operating modes as described below. These timers have identical functions 
except the two-phase pulse signal processing function in event counter mode. 

The timer I/O pins are shared with ports P5o—P57, P60, and P61. 


@Timer mode 
This mode counts the selected internal clock. The counter is decremented by 1 each time a count 
source (selected clock) is input and a timer Ai interrupt request occurs when the contents of the counter 
reach 0000i6 —> reloaded value “n” (hereafter referred to as underflow). 
Gate function (control count operation with the input signal to the TAiin pin) and pulse output function 
(output from the TAiout pin, a signal that changes polarity each time the counter underflows) are avail- 
able and can be selected by program. 


@Event counter mode | 

This mode counts the external clock input to the TAin pin. The counter can be incremented (add 1 to 
the contents of the counter with each clock input) or decremented (subtract 1 from the contents of the 
counter with each clock input) by program or with an external signal. In case used as an increment 
counter*™', a timer Ai interrupt request occurs when the counter reaches FFFFie — reloaded value “n” 
(hereafter referred to as overflow). In case used as a decrement counter*, a timer Ai interrupt request 
occurs when the counter underflows. | 

In addition, the pulse output function (output from the TAiour pin, a signal that changes polarity each 
time the counter underflows or overflows) can be selected by program. Timers A2, A3, and A4 also have 
two-phase pulse signal processing function which controls the counter increment/decrement by inputting 
two-phase pulse with phase shifted by 90 degrees. | 


Increment counter*".............. The counter can be incremented (add 1 to the contents of the counter with 
each clock input) 


Decrement counter*............ The counter can be decremented (subtract 1 from the contents of the counter 
with each clock input) 


@One-shot pulse mode | 
In this mode, the timer is driven by an internal or external trigger and “H” level is output from the TAiourt 
pin for an arbitrary interval. | 


@Pulse width modulation (PWM) mode 


In this mode, an arbitrary pulse width signal is output repeatedly from the TAiout pin. PWM output is 
started by an internal or external trigger. 
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2.7.2 Block description 
Figure 2.7.1 shows the block diagram of timer Aji. It is followed by the description of timer Ai related 
registers. 





Count sourcs 


f2 Selection bits 


f 16 
fe4 wn 
(612. 


Aare 
One-shot pulse mode Reload register (16) 


0 No i Counter (16) - Interrupt 
request bit 


Polarity Event counter mode Increment/Decrement 


switching Count start flag selection (always 
decrement except for 


External trigger event counter mode) 
Decrement count —; 


B 


Up-down flagt—o ‘“ 


Pulse output 
TAi our O : | Toggle 
F.F. 





Fig. 2.7.1 Timer Al block diagram 
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(1) Counter and reload register (timer Ai register) , 


Timer Ai counter and reload register consist of 16 bits. The counter counts the selected count source 
and its contents are decremented by 1 each time a count source is input. In event counter mode, it 
can also function as an increment counter and its contents are incremented by 1 each time a count 
source is input. The reload register is used to store the initial value of the counter. The contents of 
the reload register are reloaded into the counter when the counter underflows (or when it overflows 
in case used as an increment counter in event 


counter mode). Table 2.7.1 Timer Ai register memory allocation 


The contents of the counter change each time Timer Ai register |High-order byte |[Low-order byte 
a count source is input, but the contents of the mer Aq register Address 4616 


reload register remain unchanged. Timer A1 register | Address 49:16 | Address 4816 
Values are stored in the counter and reload Timer A2 register | Address 4Bie | Address 4Ar6 
register by writing to the timer Ai register. Timer A3 register | Address 4Die | Address 4Cic 


Table 2.7.1 shows the memory allocation of Timer A4 register | Address 4Fie | Address 4Et 
timer Ai register. | 


The value written in timer Ai register when the , 

timer is not operating is stored in the counter and reload register. The value written in timer Ai register 
when the timer is operating is stored only in the reload register. In this case, the updated value is 
transferred to the counter during next reload. If the timer Ai register is read, the result depends on the 
operating mode. Table 2.7.2 shows the results of the timer Ai register read and write. 

The value of the timer Ai register is undefined at reset. Therefore, at first the counter and the reload 
register must be initialized when using timer Ai. 


Table 2.7.2 Timer Al register read and write 


Mode Write 


Timer mode <Timer operating> 


Event counter mode 


Read timer counting value Write to reload register 


One-shot pulse mode Rend vndenned val <Timer halted> 
Pulse width modulation mode Gad undelined value Write to reload register and counter 
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(2) Count start flag 
The count start flag (address 4016) separately controls starting/stopping of each timer. Each bit cor- 
responds to one of the timers. 
When this flag is set to “1”, a count source is input to the counter. When this flag is set to “O”, a count 
source input to the counter is disabled. 
Figure 2.7.2 shows the structure of the count start flag. 


b6 b2 


b7 b5 b4_ 0b: b1 bd 
R/W Count start flag (address 401s) 


Timer AO count start flag 
Timer A1 count start flag 
Timer A2 count start flag 


Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 


———SSS SS Timer Bt count start flag 
L_______________"Tiner B2 count start flag 


Note: This register is cleared to “0016” at reset. 





Fig. 2.7.2 Count start flag register structure 


(3) One-shot start flag 
The one-shot start flag (address 4216) controls the occurrence of an internal trigger used in one-shot 
pulse mode. When a corresponding one-shot start flag to each timer is set to “1” in case internal 
trigger is selected, an internal trigger starting one-shot pulse output is occurred. Refer to section “2.7.5 
One-shot pulse mode” for more information. One-shot start flag is a write-only flag. 
Figure 2.7.3 shows the structure of the one-shot start flag. 


b7 b6 b5 b4 b3 b2 bi ob 


One-shot start flag (address 4216) 


Timer AO one-shot start flag 
Timer A1 one-shot start flag 
Timer A2 one-shot start flag 
Timer A3 one-shot start flag 
Timer A4 one-shot start flag 


Note: Bits 5 to 7 are undefined at reading. 
Bits 0 to 4 are cleared to “O” at reset. 





Fig. 2.7.3 One-shot start flag register structure 
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(4) Up-down flag” 
The up-down flag (address 4416) is a register consisting of up-down flags and two-phase signal 
processing selection bits used in event counter mode. 
Figure 2.7.4 shows the structure of the up-down flag register followed by a description of each bit. 


b4 b1 
[0 [w [own] Ue gn 


Timer AO up-down flag 
Timer A1 up-down flag 
Timer A2 up-down flag 
Timer A3 up-down flag 
Timer A4 up-down flag 
Timer A2 two-phase signal processing selection bit 
Timer A3 two-phase signal processing selection bit 
Timer A4 two-phase signal processing selection bit 


Note: This register is cleared to “OO16” at reset. 
Use the LDM and STA instructions when writing to bits 5 to 7. 











Fig. 2.7.4 Up-down flag register structure 


@Timer Al up-down flags (bits 0 to 4) 
These flags are valid in event counter mode when the count up-down flag is selected for up-down 
switching factor of counter. When this flag is “O”, the counter of the corresponding timer is decremented. 
When this flag is “1”, the counter of the corresponding timer is incremented. 


@Two-phase signal processing selection bits (bits 5 to 7) 
In event counter mode, these bits select the two-phase pulse signal processing function which controls 
the counter using two-phase pulse with their phases shifted by 90 degrees. This is a write-only bit. The 
corresponding timer operates with the two-phase pulse signal processing when this bit is set to “1”. 
This bit must be set to “0” when the two-phase pulse signal processing function is not used and in 
modes other than event counter mode. It is cleared to “0” at reset. 
Use the LDM and STA instructions to write to this bit. Do not use the SEB and CLB instructions. 


©) Timer Al mode register 
The timer Ai mode register (addresses 56:6 to 5Ai6) consists of operating mode selection bits, count 
source selection bits, and timer function selection bits. 
Figure 2.7.5 shows the structure of the timer Ai mode register. The operating mode selection bits and 
count source selection bits are described below. The functions of bits 2 to 5 depend on the operating 
mode and are described under the description of each operating mode. 
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b2 bi Timer AO mode register (address 56:6) 


Timer A1 mode register (address 5716) 
Timer A2 mode register (address 5816) 
Timer A3 mode register (address 5916) 
Timer A4 mode register (address 5Ai«) 
|_| Operating mode selection bits 
00 : Timer mode 
01 : Event counter mode 
10 : One-shot pulse mode 
11 : Pulse width modulation (PWM) mode 


These bits’ functions depend on operating mode. 


Count source selection bits 

OO : External clock input frequency divided by 2 (fz) 

01 : External clock input frequency divided by 16 (f16) 
10 : External clock input frequency divided by 64 (tea) 
11 : External clock input frequency divided by 512 (fs12) 


b4 
ow 










Note: This register is cleared to “OO16” at reset. 





Fig. 2.7.5 Timer Ai mode register structure 


@Operating mode selection bits (bits 0 and 1) 
The operating mode selection bits are used to select the timer operating mode. Table 2.7.3 shows the 
relationship between the operating mode selection bits and the timer operating modes. 


Table 2.7.3 Relationship between operating mode selec- 
tion bits and operating modes 


b1 | -b0O | Operating mode 

0 | 0 | Timer mode 

0 | 1 | Event counter mode 

1 | 0 | One-shot pulse mode 

1 | 1. | Pulse width modulation (PWM) mode 


@Count source selection bits (bits 6 and 7) 
The count source selection bits are used to select the count source. Table 2.7.4 shows the relationship 
between the count source selection bits and the timer count sources. 
These bits are ignored in event counter mode. 


Table 2.7.4 Relationship between count source selection bits and count sources 
Input clock to the counter 


b7 Timer count source f(Xin)=25MHz 
0 | 0 | External clock input frequency divided by 2 (f2)| | 4MHz | 8MHz | 12.5MHz 
0: fp ecternal clock input Meoueney mide by “3 el} OU IM 1.5625MHz 
1_| 0 | External clock input frequency divided by 64 (fe)| 125kKHz_— | 250kHz_—|_ 390.625kHz 
1_| 1 | External clock input frequency divided by 512 (fsiz)_ | 15625Hz_ | 31250Hz_|_ 48.8281kHz 


f(Xin) : External clock input frequency 
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(6) Timer Ali interrupt control register 
The timer Ai interrupt control register (addresses 7516 to 7916) consists of interrupt priority level se- 
lection bits and interrupt request bit. Figure 2.7.6 shows the structure of the timer Ai interrupt control 
register. The function of each bit is described below. Use the SEB and CLB instructions when setting 
the timer Ai interrupt control register. Refer to section “2.6 Interrupts” for more information. 


b7 b6 bS5 b4 b3 b2 bi bo Timer AO interrupt control register (address 751s) 


os Timer A1 interrupt control register (address 7616) 
Timer A2 interrupt control register (address 7716) 
= Timer A3 interrupt control register (address 78:16) 
Timer A4 interrupt control register (address 7916) 


Interrupt priority level selection bits 
000 : Level 0 (interrupt disabled) 
001 : Level 1 Low 

010 : Level 2 

011 : Level 3 

100 : Level 4 Priority 

101 : Level 5 

110 : Level 6 

111 : Level 7 High 


interrupt request bit 
0 : No interrupt request 
1 : Interrupt request 


Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to “O” at reset. 
Use the SEB and CLB instructions when setting the timer Ai interrupt control register. 





Fig. 2.7.6 Timer Ai interrupt control register structure 


@interrupt priority level selection bits (bits 0 to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 and 
7 when using a timer Ai interrupt. When an interrupt request occurs, this level is compared with the — 
processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt is allowed — 
only when this level is higher than IPL (interrupt disable flag | must be “O”). Set these bits to “000” 
(level 0) to disable only timer Ai interrupt. 


@interrupt request bit (bit 3) | 
This bit is set to “1” when. a timer Ai interrupt request occurs. The interrupt request bit set to “1” is 
cleared to “O” when the interrupt request is accepted. 
This bit can be set or cleared by program. 
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(7) Ports P5 and P6 direction registers 
The 1/O pins of timers AO to A3 are shared with port P5 and the 1/O pins of timer A4 are shared with 
port P6. When using these ports as timer input pins, the corresponding bit in the direction register 
must be set to “0” (input mode). When using these ports as timer output pins, these ports function as 
timer output pins regardless of the contents of the direction register. 
Figure 2.7.7 shows the relationship between port P5 direction register (address OD1e) and port P6 
direction register (address 1016) and timer pins. 

















b4  b3 b2_ bi 


b7 b6 bd b0 
Port P5 direction register (address 0Di:s) 


TAOour pin 
TAOw pin 
TAtourt pin 
TAtin pin 
TA2our pin 
TA2in pin 


( ____ Taour pin 


TASin pin 





TA4our pin 
TA4in pin 
INT pins, Timer B pins 





Note: These registers are cleared to “OOi1e” at reset. 


Fig. 2.7.7 Relationship between port P5 and P6 direction registers and timer pins 
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2.7.3 Timer mode [timer Al mode register bits 1, 0=“00”] 

The timer mode is selected by setting the timer Ai mode register bits 1 and 0 to “00”. When this mode is 
selected, bit 5 of the timer Ai mode register must be fixed to “0”. Figure 2.7.8 shows the structure of the 
timer Ai mode register in timer mode. 

In timer mode, the selected internal clock is decremented and an interrupt request occurs each time the 
counter underflows (the contents of the counter reach 000016 — reloaded value “n”). The timer dividing ratio 
is expressed as follows: 


Timer dividing ratio = 1/(n+1) 
n: Value set in counter 
(value between 000016 and FFFFie) 


The following functions can be selected with the timer Ai mode register. 


@Gate function 
Controls count with the input signal to the TAiin pin. 


@Pulse output function 
Outputs from the TAiout pin, a signal that changes polarity each time the counter underflows. 


Timer mode of timers AO and A2 is also used in pulse output port mode. Refer to section “2.9 Pulse output 
function” for more information. 


(1) Timer mode operation 
First, select the operating mode, pulse output 
function, gate function, and count source with 
the timer Ai mode register. Next, write an ar- 





Set timer Ai mode register 
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bitrary value “n” (“n’=000016 to FFF Fie) in the 
timer Ai register to specify the timer dividing 
ratio. At the same time, the value “n” is stored 
in the counter and the reload register. When 
the count start flag is set to “1” (count enabled), 
the selected count source is input to the counter 
and starts the count operation. 

Figure 2.7.9 shows the setting example of the 
timer mode related registers. 

The contents of the counter are decremented 
by 1 each time the count source is input. When 
the counter underflows, the contents of the re- 
load register are reloaded into the counter and 
the interrupt request bit is set to “1”. 

Count operation continues in this manner. The 
interrupt request occurs and the interrupt re- 
quest bit is set to “1” each time the counter 
underflows. Therefore, an interrupt request 
occurs at every “n+1” count of the count source. 
Interrupts must be enabled before they can be 
used. Refer to section “2.6 Interrupts” for more 
information. The interrupt request bit remains 
“1” set until the interrupt request is accepted 
or it is cleared by program. 












@Set the operating mode selection bits (bit1, 0) to “00” 
@Select pulse output function 

@Select gate function 
@Set bit 5 to “0” 
@Select count source 


: 
Specify timer dividing ratio 
@Set value to the timer Ai register 
: 
‘ 
Set the port direction registers 
@Set the corresponding bit to TAin pin to “O” ‘ 


peevwseneer=, 





Set the count start flag to “1” 


Count starts. 


% If the gate function is selected, count starts when the effective 
level is input to the TAin pin after the above setting. 


Fig. 2.7.9 Setting example of the timer mode re- 


lated registers 


The contents of the counter can be read at any timing by reading the contents of the timer Ai register 
but the contents of the reload register can not be read. In order to change the timer dividing ratio wher 
the timer is operating, a 16-bit update value must be written simultaneously in the timer Ai register 
This value is stored in the reload register, and reloaded into the counter at the next reload timing afte: 


writing to timer Ai register. 


Figure 2.7.10 shows the timer mode operation diagram (neither pulse output nor gate function). 
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b2 bi 


b4 
SSoeee0G Timer Al mode register (in timer mode) 


Operating mode selection bits 
00 : Timer mode 


Pulse output function selection bit 

0 : No pulse output (TAiout pin functions as nor- 
mal |/O port.) 

1 : Pulse output from TAjiour pin. 


Gate function selection bits 

0X: No gate function (TAiin pin functions as 
normal 1/O port.) 

10 : Count while TAin input level is “L” 

11: Count while TAin input level is “H” 
(X=“0" or “1”) 


Fix this bit to “0”. 


Count source selection bits 
00 : External clock input frequency divided by 2 (fe) 
01 : External clock input frequency divided by 16 (fi6) 
10 : External clock input frequency divided by 64 (fea) 
1 : External clock input frequency divided by 512 (fs12) 


Note: This register is cleared to “OO16” at reset. 


Fig. 2.7.6 Timer Ai mode register structure in timer mode 
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n=reloaded value 


Count start Count stop 


Count restart 
——— 


Counter contents 


Set the count 
start flag to “1” 


Clear the count Set the cou nt 
start flag to “0” start flag to “1 


Count start flag kd 


“0” meen 


Timer Ai interrupt “1" 
request bit “0” = 


Cleared by accepting the interrupt request or by program 





Fig. 2.7.10 Timer mode operation diagram (neither pulse output nor gate function) 


[Selection function] 
Program selectable gate function and pulse output function are described below. These functions can be 
used together. 


@Gate function . 
The gate function is selected by setting the gate function selection bits of the timer Ai mode register 
to “10” or “11”. The gate function controls the starting and stopping of the timer count by the level of 
the input signal to the TAiin pin. Table 2.7.5 shows the relationship between the gate function selection 
bits and the count effective level. | 
When using the gate function, the corresponding port direction register bit to the TAiin pin must be set 
to “0” for input mode. 


Table 2.7.5 Relationship between gate function selection bits and effective level 
Gate function | 
selection bits Effective level 
b4 ; 
1 | 0 | Count while the input level to the TAin pin is “L” 
1 | 1 | Count while the input level to the TAin pin is “H” 
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When the gate function is selected, counting is performed when count source is input to the counter 
while the input level to the TAiwn pin is effective and the count start flag is “1”. No count source is input 
and the count stops while the input level is not effective. The contents of the counter are preserved 
when the TAiwn pin input level changes from effective to non-effective. Therefore, counting can resume 
when the input level returns to an effective level. 

The pulse width of the TAin pin input signal during count interval and count halt interval must be at 
least 2 cycles of the selected count source. 

Figure 2.7.11 shows the timer operation example when the gate function is selected. 





n=reloaded value 


een start 














Count stop Underflow 


Counter contents 





000016 
Time 


Set the count 
start flag to “1” 


weewren ewe em ew ew ewe fw we wwe we wee = ww @ ow fw ew ww ee 


S]e ew wees owen wwe owe fo = wwe wwe ww we ee ee 


selene 
ree tet Maree rertshy tet OU tatgteteey hy Oyb tat FAL aUPyOUR ble ltreseeDstPSPetsteOeAsD MPO THC GENO OTE LIAECSSPLRrt dH hy feb OseyOetSDStr HAD SOLH LHC T OLOs CLUB ERLD H OPP LT IDA Brel a Ort THLHTASATELOrdTOLESULSLECAVOVSSPLBSELECSTOLALOOCLOCETEO VEOH IRTETPOCECOLOO EAGT HB#LS SP OCECE SOLE TEE COLE 
Mee tata tat etal te terete etal etal etal atatatetatetatatslahatatetateterMtalalatetatattatstalelatetata tat otalatetetetstatalgtstataratatataty steels Dataletstatytatatatalatetatstatetatehatetstatatstatatalatatstatetatntalatstatytatstata tyre tees tehstaratstgtehatatataty tat sty hytgtahste hs tghy tees eset eee tat 


BYP cos B JOD DROROR ABROAD ARORA AAIAS BRA RAR ARAOR ROAR AD RAD perepagnnannnanane wbaneneaponannaaaa nan peponppoaanaanoa nanan pepnonnned 
Count start flag , ona 
eee en ee ea 1 Ce Oe ee Dt PUTA ae tia bee ee Ot Oe Be 2D 


Input level to Effective level cscs: 
TAIN PIN Non-ettective level 


Timer Ai interrupt “1” 
request bit “Oo” 





Cleared by accepting the interrupt 
request or by program 


Fig. 2.7.11 Timer operation example when the gate function Is selected 
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@Pulse output function 
The pulse output function is selected by setting the pulse output function selection bit to “1”. When the 
pulse output function is selected, a signal that changes polarity each time the counter underflows is 
output from the TAiourt pin. The TAiout pin is shared with ports P5 and P6. When the pulse output 
function is selected, the corresponding port is forced to output mode and functions as the TAiour pin 
regardiess of the contents of the port direction register. It can be used as a programmable 1/O port 
once the pulse output function selection bit is set to “O”. 
When selecting the pulse output function, “L” level is output from the TAiout pin while the count start 
flag is “O” and count halted. Therefore, the initial level of the pulse output is always “L’. 
Figure 2.7.12 shows the timer operation example when the pulse output function is selected. 


n=reloaded value 
FFFFi6 Count start 


Underflow Underflow 


9 
e 


Counter contents 


Set the count 
start flag to “1” 


Count start flag oly 
“Q"s 


Pulse output from “H” : 
TAiout pin “L”- 


Timer Ai interrupt “1”: 
request bit “O”: 


\ t off 


Cleared by accepting the interrupt request or by program 





Fig. 2.7.12 Timer operation example when the pulse output function is selected 
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[Precautions when using timer mode] 

1. The value of the counter while operating can be read at any timing by reading the timer Ai register. 
However, if it is read at the reload timing shown in Figure 2.7.13, “FFFFie” is read instead of the reloaded 
value. The reloaded value is read if it is read after the timer Ai register is set during timer halted and 
before the count source is input and count started. 


Reload 


pradecmalnoaton) | 2 | + | 0 | nm [n-1 
(hexadecimal notation) 


Read value 
(hexadecimal notation) 


r 
n=reloaded value 





Fig. 2.7.13 Reading the timer Al register 
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2.7.4 Event counter mode [timer Al mode register bits 1, 0="01"] 

The event counter mode is selected by setting the timer Ai mode register bit 1 to “0” and bit 0 to “1”. When 
this mode is selected, bit 5 of the timer Ai mode register must be fixed to “O”. Figure 2.7.14 shows the 
structure of the timer Ai mode register in event counter mode. 

In event counter mode, the external clock input to the TAin pin is counted. The counter can be either an 
increment counter or a decrement counter according to the up-down flag or the input level to the TAiour 
pin. Figure 2.7.15 shows the structure of the up-down flag register. 

In increment counter, an interrupt request occurs when the counter overflows (the contents of the counter 
reach FFFFis — reloaded value “n”). In decrement counter, an interrupt request occurs when the counter 
underflows (the contents of the counter reach 000016 — reloaded value “n”). The timer dividing ratio is 
expressed as follows: 


@increment counter Timer dividing ratio = 1/(FFFFie—n+1) 


@Decrement counter Timer dividing ratio = 1/(n+1) 
n: Value set in counter | 
(value between 000016 and FFFFie) 


In addition, in this mode, the pulse output function and two-phase pulse signal processing function can be 
selected by program. Two-phase pulse signal processing function is available only with timers A2, A3, and 


@Pulse output function 
A signal that changes polarity is output from the TAiout pin each time the counter underflows (dec- 
rement counter) or overflows (increment counter). 


@Two-phase pulse signal processing function (timers A2 to A4) 


Whether to increment or decrement the counter is selected by inputting two-phase pulse with phase 
shifted 90 degrees. 
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bi  b0 


b7 b6 b5 b4 »b3~ b2 
Ea Es Es PM ES Timer Al mode register (In event counter mode) 


ee mode selection bits 


| : Event counter mode 
Pulse output function selection bit 
No pulse output 
: Pulse output from TAiout pin 
Count polarity selection bit 
o Count at the falling edge of the input signal 
: Count at the rising edge of the input signal 


Up-down switching factor selection bit 
0 : Contents of the up-down flag 
1 : Input signal to the TAiout pin 


nee, 


Fix this bit to “O”. 


These bits are ignored (may be “0” or “1”). 


Note: This register is cleared to “0016” at reset. 





Fig. 2.7.14 Timer Ail mode register structure in event counter mode 


b7 b6~ bd b3 


R/W | R/W} R/W | R/W Up-down flag (address 4416) 


. Timer AO up-down flag 
Timer A1 up-down flag 
Timer A2 up-down flag 
Timer A3 up-down flag 
Timer A4 up-down flag 
0 : Decrement count 
1 : Increment count 
Timer A2 two-phase signal processing selection bit 


Timer A3 two-phase signal processing selection bit 

Timer A4 two-phase signal processing selection bit 

0 : Two-phase pulse signal processing function disabled 
(TAiout pin functions as normal 1/O port.) 

1 : Two-phase pulse signal processing function enabled 


Note: This register is cleared to “OO16” at reset. 





Fig. 2.7.15 Up-down flag register structure 
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(1) Event counter mode operation 
First, select the operating mode, count polarity, pulse saitput function, and up-down switching factor 
with the timer Ai mode register. Next, write an arbitrary value “n” (“n”=000016 to FFFFie) in the timer 
Ai register to specify the timer dividing ratio. At the same time, the value “n” is stored in the counter 
and the reload register. Also set the port direction register bit corresponding to the TAiin pin to “0” 
(input mode). 
When the count start flag is set to “1” (count enabled), the external clock input to the TAin pin is input 
to the counter. The counter operates at the falling edge (when the count polarity selection bit is “O”) 
or rising edge (when the count polarity selection bit is “1”) of the input clock. 
Whether to increment or decrement the counter can be selected with the up-down flag or the level of 
the input signal to the TAiout pin. The contents of the up-down flag are used if the up-down switching 
factor selection bit is “O”, and the level of the input signal to the TAiout pin is used if it is “1”. 
Figure 2.7.16 shows the setting example of the event counter mode related registers. 


@When switching with the contents of the up- 
down flag 
When the corresponding bit to the up-down flag 
is set to “O”, the counter is decremented. When 
the corresponding bit to the up-down flag is set 
to “1”, the counter is incremented. 


Set timer Ai mode register 

@Set the operating mode selection bits (bit 1, 0) to “01” 
@Select pulse output function 

@Select count polarity 

@Select up-down switching factor 

@Set bit 5 to “0” 

@When switching with the input signal to TAiour 


pin 

When the input level to the TAiour pin is “L”, the 
counter is decremented. When the input level 
to the TAiout pin is “H”, the counter is 
incremented. 

The TAiout pins are shared with port pins. 
Therefore, the direction register of the corre- 


Set the up-down flag 

@Select up/down count (when the up-down switching 
factor selection bit is “O”) 

@Select two-phase pulse signal processing function 


Specify timer dividing ratio 
@Set value to the timer Ai register 


sponding port pin must be set to “O” (input mode) 
when the input level of the TAiout pin is used to 
control increment/decrement. 

The pulse output function described later can- 
not be used when the input signal to the TAiout 
pin is used to control increment/decrement. 


Set the port direction registers 

@Set the corresponding bit to TAin pin to “0” 

@Set the corresponding bit to TAiout pin to “O” (when 
the up-down switching factor selection bit or the 
two-phase signal processing selection bit is “1”) 


Set the count start flag to “1” 


Count starts. 





Fig. 2.7.16 Setting example of the event counter 


mode related registers 
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The count direction can be changed while counting. The count direction changes when the next 
effective edge of the count source is input after the contents of the up-down flag change if the up- 
down flag is used for up-down switching factor, and after the input level to the TAiout pin changes if 
the input signal to the TAiourt pin is used for up-down switching factor. 

Count operation continues and the counter underflows (decrement count) or overflows (increment 
count) at which time an interrupt request occurs and an interrupt request bit is set to “1”. Interrupts 
must be enabled before they can be used. Refer to section “2.6 Interrupts” for more information. The 
interrupt request bit remains “1” set until the interrupt request is accepted or it is cleared by program. 
The contents of the counter can be read at any timing by reading the contents of timer Ai register, 
but the contents of the reload register cannot be read. In order to change the timer dividing ratio while 
the timer is operating, a 16-bit update value must be written simultaneously in the timer Ai register. 
This value is stored in the reload register, and reloaded into the counter at the next reload timing after 
writing to timer Ai register. 

Figure 2.7.17 shows the event counter mode operation diagram (neither pulse output nor two-phase 
pulse signal processing function). 










n=reloaded value 


esd cls eee econ a la aa a i a a la a! toa (os gina 


Overflow Overflow 3 











Counter contents 


Set the count 
start flag to “1” 









Count start flag ae aS 


Up-down flag 1 
p Dy: 







Timer Ai interrupt “Is: 
request bit “0’— 








+ 


Cleared by accepting the interrupt request or by program 









% This opreation diagram selects the up-down flag for up-down switching factor. 


Fig. 2.7.17 Event counter mode operation diagram (when up-down switching factor selection bit is “0”) 
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[Selection function] 

Pulse output function and two-phase pulse signal processing function can be selected by program. How- 
ever, only timers A2, A3, and A4 can use the two-phase pulse signal processing function. The pulse 
output function and the two-phase pulse signal processing function both use the TAjiour pin. Therefore, 
only one of these functions can be used for each timer at any one time. 


@Pulse output function 
Pulse output function is selected when the pulse output function selection bit is set to “1”. When this 
function is selected, a signal that changes polarity each time the contents of the counter underflow 
(decrement count) or overflow (increment count) is output from the TAjiour pin. 
The TAiout pin is shared with ports P5 and P6. When the pulse output function is selected, the 
corresponding port is forced to output mode and functions as the TAiout pin regardless of the contents 
of the port direction register. It can be used as a programmable I/O port once the pulse output function 
selection bit is set to “0”. | 
“L” level is output from the TAiour pin while the count start flag is “O” and count disabled. Therefore, 
the initial level of the pulse output is always “L”. 


@Two-phase pulse signal processing function (Timers A2 to A4) 
Two-phase pulse signal processing function is selected for timers A2 to A4 when the two-phase signal 
processing selection bit is set to “1”. When this function is selected, set the pulse output function 
selection bit to “0”, the count polarity selection bit to “0”, and the up-down switching factor selection 
bit to “1”. Figure 2.7.18 shows the timer Aj mode register (j=2 to 4) when two-phase pulse signal 
processing function is selected. 
The TAjourt pin is used in input mode and the corresponding port direction register bit must be set to 


b3 b2 b1 b0 


Timer Aj mode register (j=2 to 4) 


May be “0” or “1” 





Fig. 2.7.18 Timer Aj mode register (j=2 to 4) when two-phase pulse signal processing function Is selected 
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A timer with two-phase pulse signal processing function selected controls the counter by two-phase 
pulse with phase shifted by 90 degrees. There are two types of two-phase pulse signal processing 
operation; one for timers A2 and A3 and another for timer A4 (quadruple processing). 


<Timers A2 and A3> 
The counter is incremented when the rising edge is input to the TAkin (k=2, 3) pin and decremented 
when the falling edge is input to the TAkwn pin after the level! of the TAkour pin changes from “L” te 
“H”. (Refer to Figure 2.7.19) 


<Timer A4> 
The counter is incremented at every rising and falling edge of the TA4out and the TA4in pins when 
a phase related pulse with the rising edge input to the TA4in pin is input after the level of the TA4our 
pin changes from “L” to “H”. 
The counter is decremented at every rising and falling edge of the TA4our and the TA4in pins when 
a phase related pulse with the falling edge input to the TA4our pin is input after the level of the TA4in 
pin changes from “H” to “L”. (Refer to Figure 2.7.20) 


“H n 
TAkout | | | | | | | | | | 
a De | j | 


TAKIN 
(k=2, 3) “L” 
Increment Increment Increment Decrement Decrement Decrement 

count count count count count count 


+1 +1 +1 —1 -1 1 





Fig. 2.7.19 Timers A2 and A3 two-phase pulse signal 
processing operation 


“Hy” 


TA4ouT 
ity L" 


i) 
Increment count ateach edge Decrement count at each edge 


+1041 41° «41°41 1 -1 0-1 1-41 


“H" 
TA4in 
“LY 1) ' i) i) 


Increment count at each edge Decrement count at each edge 









rs es es es A Se ee 4 





Fig. 2.7.20 Timer A4 two-phase pulse signal processing 
operation (quadruple processing) 
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[Precautions when using event counter mode] 

1. The value of the counter while operating can be read at any timing by reading the timer Ai register. 
However, if it is read at the reload timing shown in Figure 2.7.21, “FFFFie” is read at underflow and “000016” 
is read at overflow instead of the reloaded value. The reloaded value is read if it is read after the timer 
Ai register is set during timer halted and before the count source is input and count started. 


(1) Decrement count (2) Increment count 
Reload Reload 


peccsearonion [2 [+ | ° | = [a-t] enact 


Read value —] ee Read value eco 
(hexadecimal notation) Ra (hexadecimal notation) 


Ferelrrrr 


n=reloaded value n=reloaded value 





Fig. 2.7.21 Reading the timer Ai register 


2. All of the following functions uses the TAiout pin. Only one of these functions can be selected for each 
timer at any one time. 


@Count control using input signal to TAiout pin 
@Pulse output function 
@Two-phase pulse signal processing function (timers A2 to A4) 


3. The phase difference of the two-phase pulse used for two-phase pulse processing function (input clocks 
to TAjout and TAjin pins) must be the characteristics shown in Figure 2.7.22. 


Clock 12,13 
frequency (Min.) (Min.) 


T1 


| 500ns_ 
}16MHz| tps | 250ns_ 
| 25MHz} 800ns_| 200ns_| 





Fig. 2.7.22 The characteristics of the two-phase pulse signal 
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2.7.5 One-shot pulse mode [timer Ali mode register bits 1, 0=“10”] 

The one-shot pulse mode is selected by setting the timer Ai mode register bit 1 to “1” and bit 0 to “0”. When 
this mode is selected, the timer Ai mode register bit 5 must be fixed to “O” and bit 2 must be fixed to “1”. 
Figure 2.7.23 shows the structure of the timer Ai mode register in one-shot pulse mode. 

In one-shot pulse mode, “H” level is output for an arbitrary interval from the TAiour pin after a trigger. 
The trigger can be either an internal trigger or an external trigger. The internal trigger is occurred by writing 
“4“ into the one-shot start flag shown in Figure 2.7.24. The external trigger is occurred by ihe effective edge 
of the input signal to the TAin pin with count start flag set to “1”. 

Counting starts with a trigger and at the same time, “H” level is output from the TAiout pin. The contents 
of the counter are decremented by 1 each time a count source is input. When the contents of the counter 
reach “000116” — reloaded value “n”, the output level from the TAiourt pin changes to “L” and counting stops. 
At this point, an interrupt request occurs. 

The width of the output pulse (“H” level width) can be expressed as follows: 


“H” level width of pulse output = n/fi [s] 
fi: Selected count source frequency 
n: Value set in counter 
(000016 to FFFFie during count halted) 
(000116 to FFFFis during count operating) 
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b2 bi 


b4 
CLET TEE Timer Ai mode register (in one-shot pulse mode) 


Operating mode selection bits 
10 : One-shot pulse mode 


Fix this bit to “1”. 


Trigger selection bits 


- Writing operation to the one-shot start flag 
(TAin pin functions as normal I/O port.) 


: Falling edge of the input signal to TAin pin 
: Rising edge of the input signal to TAiin pin 
(X=“0” or “4 ") 


Fix this bit to “0”. 


Count source selection bits 

00 : External clock input frequency divided by 2 (fz) 

01 : External clock input frequency divided by 16 (f16) 
10 : External clock input frequency divided by 64 (fes) 
11 : External clock input frequency divided by 512 (fs12) 


Note: This register is cleared to “OO16” at reset. 





Fig. 2.7.23 Timer Ai mode register structure in one-shot pulse mode 


One-shot start flag (address 4216) 


Timer AO one-shot start flag 
Timer A1 one-shot start flag 
Timer A2 one-shot start flag 
Timer A3 one-shot start flag 
Timer A4 one-shot start flag 


Internal trigger is occurred when “1” is written to 
this flag. 


Note: Bits 5 to 7 are undefined at reading. 
Bits 0 to 4 are cleared to “O” at reset. 





Fig. 2.7.24 One-shot start flag register structure 
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(1) One-shot pulse mode operation 
First select the operating mode, trigger occurrence factor, and count source with the timer Ai mode 
register. The TAiout pin starts to output “L” level when one-shot pulse mode is selected with the 
operating mode selection bits. Next, write an arbitrary value “n” (“n’=000016 to FFFFie) in the timer Ai 
register to set the pulse output width. At this point, “n” is stored in the counter and the reload register. 
Count is enabled when the count start flag is set to “1”, and then i 
if bit 4 of the timer Ai mode register is “0”, an internal trigger is occurred by setting the corresponding 
bit to each timer in the one-shot start flag to “1”. If bit 4 of the timer Ai mode register is “1”, an external 
trigger is selected. When selecting an external trigger, if bit 3 is “O”, a trigger is occurred at the falling 
edge of the TAin pin input signal and if bit 3 is “1”, a trigger is occurred at the rising edge of the TAin 
pin input signal. When using an external trigger, the corresponding port direction register bit to the 
TAiin pin must be set to “O” (input mode). 
Figure 2.7.25 shows the setting example of the one-shot pulse mode related registers. 


Set timer Ai mode register 

@Set the operating mode selection bits (bit 1, 0) to “10” 
@Set bit 2 to “1” 

@Select trigger occurrence factor 

@Set bit 5 to “0” 

@Select count source 


Set the port direction register Set the count start flag to “1” 


@Set the corresponding bit to TAiin pin to “O” 


Writing “1” to the one-shot start flag 


Set the count start flag to “1” 
Trigger is occurred. 
Effective edge input to TAin pin 


Trigger is occurred. 


Count starts. 


Count starts. 





Fig. 2.7.25 Setting example of the one-shot pulse mode related registers 
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When triggered, counting starts and “H” level is output from the TAiout pin. (However, if the timer Ai 
register contains “000016”, the TAiour pin level remains at “L” and counting does not start.) The counter 
is decremented by 1 each time a count source is input. When the contents of the counter reach 000116 
— “n” , the TAiout pin level changes to “L” and counting stops. The “H” width of the output pulse from 
the TAiour pin is (count source cycle) x n. 

An interrupt request occurs and the interrupt request bit is set to “1” when the TAiout pin level changes 
from “H” to “L”. Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” 
for more information. The interrupt request bit remains “1” set until the interrupt request is accepted 
or it is cleared by program. 

If a value is written in the timer Ai register while the counter is operating (“H” level is output from the 
TAiout pin), this value is only set in the reload register. It is reloaded into the counter at the next reload 
timing. Values other than 000016 can be written while the counter is operating. 

If the value of timer Ai register is read, the result is undefined. 

Figure 2.7.26 shows the one-shot pulse mode operation diagram (when an external trigger is selected). 


EFFFi6{ N=reloaded value Count start comes 


: , Count restart , Count stop 
¢-—_—_—_ >_> —— 


Reload 


Counter contents 


0001 16 


Set the count 
start flag to “1" 


psa enon seaweed awreewvwanwnananaecaneoee 
ee ee ee eee 


Count start flag "U" eee 
“oO” 


Another trigger 


we while counting 


Input level to “H” 
TAimn pin “L” 


1/fi X(n) [s]} 1/fi X(n+1) [s] 


Pulse output from “H” 
TAiout pin “L” 


Timer Ai interrupt “1” 
request bit “Oo” 


Cleared by accepting the interrupt request or by program 


%* This operation diagram selects the external trigger (rising edge) for trigger occurrence factor. 





Fig. 2.7.26 One-shot pulse mode operation (when external trigger is selected) 
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The counter stops after completing one cycle of output, and repeats the same operation when the next 
trigger is occurred. When the count start flag is “0” (count disabled), “L” level is output from the TAiout 
pin. | | 

lf another trigger is occurred while counting, the contents of the reload register are transferred to the 
counter and decrement continues from that value. In this case, the TAiout pin level becomes “L” at n+1 
count after the trigger. The contents of the reload register are transferred to the counter only when 
a trigger is occurred while counting. At least one cycle of the timer count source should elapse before 
retriggering. 


[Precautions when using one-shot pulse mode] 
1. If the count start flag is set to “O” while counting, counting stops and the output level of the TAiour pin 
becomes “L”. At the same time an interrupt request occurs and the interrupt request bit is set to “1”. 


2. Values between 000116 and FFFFie can be written in the timer Ai register while the counter is operating 
(While “H” level is output from the TAiour pin). 


3. When an external trigger is selected, there may be a time lag between the time the effective edge is input 
to TAin pin and the time one-shot pulse is output. This is because the output of one-shot pulse is 
synchronized with the internal operating clock. 


4. When the operating mode is switched described below, the interrupt request bit in timer Ai ivterrupt 
control register is set to “1”. 


@When one-shot pulse mode is selected after removing reset. 
@When the operating mode is switched from timer mode to one-shot pulse mode. 
@When the operating mode is switched from event counter mode to one-shot pulse mode. 


Therefore, the interrupt request bit must be cleared to “O” after above switching modes when using timer 
Ai interrupt or the interrupt request bit. 
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2.7.6 Pulse width modulation (PWM) mode [timer Ai mode register bits 1, 0=“11”] 

Pulse width modulation mode (hereafter referred. to as PWM) is selected by setting the timer Ai mode 
register bits 1 and 0 to “11” and timer Ai functions as a pulse width modulator. When this mode is selected, 
bit 2 of the timer Ai mode register must be fixed to “1”. 

Figure 2.7.27 shows the structure of the timer Ai mode register in PWM mode. 

In PWM mode, when a trigger occurs, an arbitrary pulse width signal is output continuously from the TAiout 
pin. A 16-bit PWM mode or an 8-bit PWM mode can be selected by program. 


@16-bit PWM mode | 
The counter functions as a 16-bit pulse width modulator. 


@8-bit PWM mode . 
The reload register and the counter are both divided into 8-bit halves. The high-order 8 bits of the 
counter function as a pulse width modulator and the low-order 8 bits function as a prescaler. 


PWM mode of timers A1 and A3 is also used when modulating the pulse width in pulse output port mode. 
Refer to “2.9 Pulse output function” for more information. 

The trigger is either an internal trigger occurred when the count start flag shown in Figure 2.7.28 is set to 
“1” or an external trigger occurred when the effective edge signal is input to the TAin pin with the count 
start flag set to “1”. When a trigger occurs, the pulse width modulator starts and pulses are output from 
the TAiout pin. 

An interrupt request occurs and the interrupt request bit is set to “1” each time the level of the pulse output 
changes from “H” to “L”,. 

When the pulse width modulator starts operation with a trigger, the next trigger is not accepted (pulses are 
output continuously). 














b4 b b1 b 


b7 b6~ bd 3 b2 0 


Timer AO count start flag 
Timer A1 count start flag 





Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 


In case this flag is set to “1”, an internal trigger is 
occurred. 





Timer BO count start flag 
Timer B1 count start flag 
Timer B2 count start flag 


Note: This register is cleared to “OO16” at reset. 


Fig. 2.7.28 Count start flag register structure 
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Timer Ai mode register (in PWM mode) 


Operating mode selection bits 
11 : PWM mode 


Fix this bit to “1”. 





Trigger selection bits 
0x : Count start flag 
(TAin pin functions as normal I/O port) 
10 : Falling edge of the input signal to TAiw pin 
11 : Rising edge of the input signal to TAiin pin 
(X=“0” or “1”) 


16/8-bit PWM mode selection bit 
0 : 16-bit PWM mode 
1 : 8-bit PWM mode 


Count source selection bits 

00 : External clock input frequency divided by 2 (fz) 

01 : External clock input frequency divided by 16 (f16) 

10 : External clock input frequency divided by 64 (fes) 

11 : External clock input frequency divided by 512 (fs12) 
Note: This register is cleared to “OO16” at reset. | 










Fig. 2.7.27 Timer Al mode register structure in PWM mode 
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(1) PWM mode operation 
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First, select the operating mode, trigger occurrence factor, 16/8-bit PWM mode, and count source with 
the timer Ai mode register. The TAiout pin outputs “L” level when PWM mode is selected with the 
Operating mode selection bits. Next, write an arbitrary value “n” in the timer Ai register to set the pulse 
Output width. At this point, “n” is set in the counter and the reload register. Then when a trigger is 
occurred, the pulse width modulator starts and pulses are output from the TAjiout pin. 

When bit 4 of the timer Ai mode register is “0”, an internal trigger is occurred each time the corre- 
sponding bit to each timer in the count start flag is set to “1”. If bit 4 of the timer Ai mode register 
is “1”, an external trigger is selected. When selecting an external trigger, if bit 3 is “O”, the trigger is 
occurred at the falling edge of the input signal to the TAiin pin with count start flag set to “1” and if 
bit 3 is “1”, the trigger is occurred at the rising edge of the input signal to the TAiin pin with count start 
flag set to “1”. When using an external trigger, set the corresponding port direction register bit to the 
TAiin pin to “OQ” (input mode). 

A pulse width modulator continuously outputs pulses when it starts operation. An interrupt request 
occurs and the interrupt request bit is set to “1” each time the level of the pulse output changes from 
“H” to “L”. Interrupts must be enabled before they can be used. Refer to “2.6 Interrupts” for more 
information. The interrupt request bit remains “1” set until an interrupt request is accepted or it is 
cleared by program. 

If a value is written in the timer Ai register while the counter is operating, the value is set only in the 
reload register. It is reloaded into the counter next time the level of the pulse output changes from “L” 
to “H”. 

If the value of the timer Ai register is read, the result is undefined. 

In order to stop the pulse width modulator, count start flag must be cleared to “0”. At the same time, 
the output level of TAiout pin becomes “L”. 


The 16-bit PWM mode and 8-bit PWM mode operations are described below. 





FUNCTIONAL DESCRIPTION 
2./ Timer A 





[16-bit PWM mode] 
16-bit PWM mode is selected when the 16/8-bit PWM mode selection bit is set to “O”. In this mode, the 
period and width of the pulse output from the TAiout pin can be expressed as follows: 


Pulse output perlod = (1/fi) X (2'S—1) [s] 
Pulse output “H” width = (1/fi) < n [s] 
fi: Frequency of selected count source [Hz] 
n: Value set in counter 
(value between 000016 and FFFE%e) 


Figure 2.7.29 shows an example of an output waveform in 16-bit PWM mode. An interrupt request occurs 
and the interrupt request bit is set to “1” each time the level of the pulse output signal changes from “H” 
to “L”. 

The “H” level width of the pulse output can be changed while the pulse width modulator is operating 
(outputting the pulse signal) by writing a value in the timer Ai register. This value is written in the reload 
register and reloaded into the counter next time the level of the pulse output changes from “L” to “H”. 
Therefore, the pulse width changes from the pulse period following the pulse period being output when 
the value was written. 


1/fiX (26-1) Is] 


1 ————__-_____________ iy 


Selected count 
source fi 


Input level to 
TAI pin ,, . 
A trigger is not occurred with this signal. 


1/fiX(n) [s] ! 


Pulse output from cL 
TAiout pin ., . 


% This is an output example in case the contents of the reload register are 000316 and the external 
trigger (rising edge) is selected for trigger occurrence factor. 





Fig. 2.7.29 16-bit PWM mode output waveform example 


[8-bit PWM mode] 

8-bit PWM mode is selected when the 16/8-bit PWM mode selection bit is set to “1”. In this mode, the 
reload register and the counter are divided into 8-bit halves. The high-order 8 bits of the counter function 
as an 8-bit pulse width modulator and the low-order 8 bits function as a prescaler. 

The prescalar counts the clock selected with the count source selection bit. The prescalar is decremented 
and an underflow signal is occurred when its contents reach 0016 — “m” (“m” = value set in low-order 8 
bits of the reload register). The contents of the reload register are reloaded into the prescalar and 
counting continues. The pulse width modulator (high-order 8 bits of the counter) counts the underflow 
signal occurred by the prescalar. The period and width of the pulse output from the TAiout pin can be 
expressed as follows: 


Pulse output period = (1/fi) X (m+1) X (2%-1) [s] 
Pulse output “H” width = (1/fi) X (m+1) X n [s] 
fi : Frequency of selected count source [Hz] 
n : Value in the high-order 8 bits of the counter 
(Value between 0016 and FEie) 
m: Value in the low-order 8 bits of the counter 
(Value between 0016 and FFie) 
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Figure 2.7.30 shows an output waveform example in 8-bit PWM mode. In 8-bit PWM mode, when a trigger 
occurs, pulse output starts at the set pulse Period after “L” level with the width equal to the “H” level of 
the set pulse is output. 

An interrupt request occurs and the interrupt request bit is set to “1” each time the level of the pulse output 
changes from “H” to “L”. 

The “H” level width of the pulse output can be changed while the pulse width modulator is operating 
(outputting the pulse signal) by writing a value in the timer Ai register. This value is written in the reload 
register and reloaded into the counter next time the level of the pulse output changes from “L” to “H”. 
Therefore, the pulse width changes from the pulse period following the pulse period being output when 
the value was written. 


Selected count source fi 


“H" 
Input level to TAiin pin ” 


Underflow signal “H" 
from prescaler 


Pulse output from “H":: 
TAiout pin « » 


%* The setting conditions of this output example are as follows: 
@High-order 8 bits of counter=0216 
@Low-order 8 bits of counter=0216 
@Trigger occurrence factor : External trigger (falling edge) 


Fig. 2.7.30 8-bit PWM mode output waveform example 





[Precautions when using PWM mode] 

1. If the count start flag is set to “O” while counting (pulse width modulator is operating), counting stops and 
the output level of the TAiout pin becomes “L”. At the same time an interrupt request occurs and the 
interrupt request bit is set to “1”. 


2. When the operating mode is switched described below, the interrupt request bit in timer Ai interrupt 
control register is set to “1”. 


@When PWM mode is selected after removing reset. 
@When the operating mode is switched from timer mode to PWM mode. 
@When the operating mode is switched from event counter mode to PWM mode. 


Therefore, the interrupt request bit must be cleared to “0” after above switching modes when using timer | 
Ai interrupt or the interrupt request bit. 
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2.8 Timer B 
Timer B consists of three 16-bit timers (timers BO to B2). Timers BO to B2 operate independently and each 
can operate in one of three different modes. 


2.8.1 Timer B description 
Timer Bi (i=0 to 2) has three operating modes as described below. These timers have identical functions. 
The input pins (7TBin) of these timers are shared with poris P6s—P6v. 


@Timer mode 
This mode counts the selected internal clock. The counter is decremented by 1 each time a count 
source (selected clock) is input and a timer Bi interrupt request occurs when the contents of the counter 
reach 000016 — reloaded value “n” (hereafter referred to as underflow). 


@Event counter mode | 
This mode counts the external clock input to the TBiin pin. The counter is decremented by 1 each time 
a clock is input and a timer Bi interrupt request occurs when the counter underflows. 


@Pulse period/pulse width measurement mode 
In this mode, the period or the pulse width of the input signal to the TBin pin is measured. 


2.8.2 Block description 


Figure 2.8.1 shows the block diagram of timer Bi. It is followed by the description of the timer Bi related 
registers. 


Count source selection bits 


measurement mode 


Timer mode Reload register (16) 
Pulse period/pulse width 95 


ei 





Polarity switching - Interrupt 
TBin O and edge pulse i Counter (16) J request bit 


generating circuit Event counter mode 


r] Overflow 
Count start flag flag 


Counter reset circuit 





Fig. 2.8.1 Timer Bi block diagram 
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(1) Counter and reload register (timer Bi register) 

Timer Bi counter and reload register consist of 16 bits. The counter counts the selected count source. 
In timer mode and event counter mode, the contents of the counter are decremented by 1 each time 
a count source is input. The reload register is used to store the initial value of the counter. The 
contents of the counter change each time a count source is input, but the contents of the reload 
register remain unchanged. The contents of the reload register are reloaded into the counter when the 
counter underflows. In pulse period/pulse width measurement mode, the contents of the counter are 
incremented by 1 each time a count source is input to the counter. The result of measuring the pulse 
signal is transferred to the reload register. Values are stored in the counter and the reload register 
by writing to the timer Bi register. 

Table 2.8.1 shows the memory allocation of the timer Bi register. 


Table 2.8.1 Timer Bi register memory allocation 


Timer Bi register Low-order byte 
Timer BO register Address 50:6 
Timer B1 register Address 52:6 
Timer B2 register Address 5416 


in timer mode and event counter mode, the value written in the timer Bi register when the timer is not 
operating is stored in the counter and reload register. The value written in the timer Bi register when 
the timer is operating is stored only in the reload register. In this case, the updated value is transferred 
to the counter during next reload. When the timer Bi register is read, the counting value (value in the 
counter) is read. When the timer Bi register is read in pulse period/pulse width measurement mode, 
the pulse width or the pulse period measurement result is read. 

The value of the timer Bi register is undefined at reset. Therefore, at first the counter and the reload | 
register must be initialized when using timer Bi in timer mode or event counter mode. 


(2) Count start flag 
The count start flag (address 4016) separately controls starting/stopping of each timer. Each bit cor- 
responds to one of the timers. 
When this flag is set to “1", a count source is input to the counter. When this flag is set to “0”, a count 
source input to the counter is disabled. 
Figure 2.8.2 shows the structure of the count start flag. 
















b2 bi 


b7 b6 b5 »b4~ b3 b0 


Timer AO count start flag 
Timer Ai count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 
Timer B2 count start flag 
Note: This register is cleared to “0016” at reset. 





Fig. 2.8.2 Count start flag register structure 
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(3) Timer BI mode register 
The timer Bi mode register (addresses 5Bie to 5Die) consists of operating mode selection bits, count 
source selection bits and bits that have different function by operating modes. 
Figure 2.8.3 shows the structure of the timer Bi mode register. The operating mode selection bits and 
count source selection bits are described below. The function of bits 2, 3 and 5 depend on the 
operating mode and are described under the description of each operating mode. 


b3 b2 b1~ »b0 
Timer BO mode register (address 5Bie) 
Timer B1 mode register (address 5Cie) 
a Timer B2 mode register (address 5D.) 


Operating mode selection bits 

00 : Timer mode 

01 : Event counter mode 

10 : Pulse period/pulse width measurement mode 


a 


These bits’ functions depend on operating mode. 


This bit is used in the pulse period/pulse width 
measurement mode (refer to Figure 2.8.11). 


Count source selection bits 

00 : External clock input frequency divided by 2 (fe) 

01 : External clock input frequency divided by 16 (fe) 
10 : External clock input frequency divided by 64 (fea) 
11 : External clock input frequency divided by 512 (fs12) 


Note: Bit 4 is undefined at reading. 
Bits 0 to 3 and bits 6 and 7 are cleared to “O” at reset. 
Bit 5 is set to “1” at reset. 





Fig. 2.8.3 Timer Bi mode register structure 


91 


FUNCTIONAL DESCRIPTION 
2.8 Timer B 





@Operating mode selection bits (bits 0 and 1) 
The operating mode selection bits are used to select the timer operating mode. Table 2.8.2 shows the 


relationship between the operating mode selection bits and the timer operating modes. 


Table 2.8.2 Relationship between operating mode selection 
bits and operating modes 
Operating mode 
imer mode 


| bO | 
Oo [| 0 [T 
0 | 1 | Event counter mode 
1 | 0 |P 


ulse period/pulse width measurement mode 


@Count source selection bits (bits 6 and 7) 
The count source selection bits are used to select the count source. Table 2.8.3 shows the relationship 


between the count source selection bits and the timer count sources. 
These bits are ignored in event counter mode. 


Table 2.8.3 Relationship between count source selection bits and count sources 
Input clock to the counter 


b7 be Timer count source f(Xin)=BMHz [f(Xin)=16MHz | {(Xin)=25MHz 


0 | 0 |External clock input frequency divided by 2 (f) | = AMHz_ | MHz _ | 12.5MHz 
0 1.5625MHz 
1_| 0 |External clock input frequency divided by 64 (fea) | 125kKHz_ | 250kKHZ | 390.625kHz 
1 48.8281kHz 


‘f(Xin) : External clock input frequency 
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(4) Timer BI interrupt control register : 
The timer Bi interrupt control register (addresses 7Aie6 to 7C16) Consists of interrupt priority level se- 
lection bits and interrupt request bit. Figure 2.8.4 shows the structure of the timer Bi interrupt contro! 
register. The function of each bit is described below. Use the SEB and CLB instructions when setting 
the timer Bi interrupt control register. 
Refer to section “2.6 Interrupts” for more information. 


Timer BO interrupt control register (address 7A:6) 
Timer B1 interrupt control register (address 7B1s) 
Timer B2 interrupt control register (address 7C:s) 







Interrupt priority level selection bits 
000 : Level 0 (interrupt disabled) 
001 : Level 1 Low 


010 : Level 2 
011 : Level 3 
100 : Level 4 Priosity 
101 : Level 5 
110 : Level 6 


111 : Level 7 High 


Interrupt request bit 
0 : No interrupt request 
1 : Interrupt request 


Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to “0” at reset. 
Use the SEB and CLB instructions when setting timer Bi interrupt control register. 





Ite arg ae oe ee se REE A ar ag ES SE ETE 


Fig. 2.8.4 Timer Bi interrupt control register structure 


@interrupt priority level selection bits (bits 0 to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 anc 
7 when using a timer Bi interrupt. When an interrupt request occurs, this level is compared with the 
processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt is allowed 
only when this level is higher than IPL (interrupt disable flag | must be “0”). Set these bits to “O00” 
(level 0) to disable only timer Bi interrupt. 


@interrupt request bit (bit 3) 
This bit is set to “1” when a timer Bi interrupt request occurs. The interrupt request bit set to “1” is 
cleared to “O” when the interrupt request is accepted. 
This bit can be set or cleared by program. 
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(5) Port P6 direction register 
Timers BO to B2 input pins are shared with port P6. When using these ports as timer input pins, the 
corresponding bit in the direction register must be set to “0” (input mode). 
Figure 2.8.5 shows the relationship between the port P6 direction register (address 1016) and timer 
pins. 



















b7 b6 b5 b4 b3 b2 bi b0 





TA4ourt pin 
TA4in pin 
INTo pin 
INT: pin 
INTe2 pin 
TBOw pin 
TBtin pin 
TB2i pin 


Note: This register is cleared to “OO16” at reset. 





Fig. 2.8.5 Relationship between port P6 direction register and timer pins 
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2.8.3 Timer mode [timer Bi mode register bits 1, 0=“00”] 

Timer mode is selected by setting the timer Bi mode register bits 1 and 0 to “00”. When this mode is 
selected, bits 2 and 3 may be “0” or “1” because they are ignored. Bit 5 is also ignored. It cannot be written 
and is undefined at reading. Figure 2.8.6 shows the structure of the timer Bi mode register in timer mode. 
In timer mode, the selected internal clock is decremented and an interrupt request occurs each time the 
counter underflows (the contents of the counter reach 000016 — reloaded value “n”). The timer dividing ratio 
is expressed as foilows: 


Timer dividing ratio = 1/(n+1) 
n: Value set in counter 
(value between 000016 and FFFF te) 



















b5 b4 b3_ be 





b1 





Timer Bi mode register (in timer mode) 


Operating mode selection bits 
60 : Timer mode 


These bits. are ignored (may be “0” or “1”). 


This bit is ignored (this bit cannot be written and 
is undefined at reading). 


Count source selection bits 

00 : External clock input frequency divided by 2 (fz) 

01 : External clock input frequency divided by 16 (f16) 
10 : External clock input frequency divided by 64 (fea) 
11 : External clock input frequency divided by 512 (fs12) 


Note: Bit 4 is undefined at reading. 
Bits 0 to 3 and bits 6 and 7 are cleared to “0” at reset. 


Bit 5 is set to “1” at reset, however, it is undefined at reading when operating in the timer 
mode. 


Fig. 2.8.6 Timer Bi mode register structure in timer mode 
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(1) Timer mode operation 
First, select the operating mode and count source with the timer Bi mode raaielek Next, write an 
arbitrary value “n” (“n"=000016 to FFFFie) in the timer Bi register to specify the timer dividing ratio. At 
the same time, the value “n” is stored in the counter and the reload register. | 

When the count start flag is set to “1” (count enabled), the selected count source is input to the 
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counter and starts the count operation. 
Figure 2.8.7 shows the setting example of the 
timer mode related registers. | 

The contents of the counter are decremented 
by 1 each time the count source is input. When 
the counter underflows, the contents of the re- 
load register are reloaded into the counter and 
the interrupt request bit is set to “1”. 

Count operation continues in this manner. The 
interrupt request occurs and the interrupt re- 
quest bit is set to “1” each time the counter 
underflows. Therefore, an interrupt request 
occurs at every “n+1” count of the count source. 
Interrupts must be enabled before they can be 
used. Refer to section “2.6 Interrupts” for more 
information. The interrupt request bit remains 
“1” set until the interrupt request is accepted 
or it is cleared by program. 

The contents of the counter can be read at 
any timing by reading the contents of the timer 
Bi register, but the contents of the reload reg- 
ister can not be read. In order to change the 
timer dividing ratio when the timer is operating, 
a 16-bit update value must be written simulta- 


Set timer Bi mode register 
@Set the operating mode selection bits (bit 1, 0) to “00” 
@Select count source 


Specify timer dividing ratio 
@Set value to the timer Bi register 


Set the count start flag to “1” 


Count-starts. 





Fig. 2.8.7 Setting example of the timer mode re- 


lated registers 


neously in the timer Bi register. This value is stored in the reload register, and reloaded into the 
counter at the next reload timing after writing to timer Bi register. 
Figure 2.8.8 shows the timer mode operation diagram. 
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n=reloaded value 


v4 Count start 


ees, i nes ae |e oe Count restart | | 
Underfiow | Underflow i a 










Count stop 





Counter contents 


000016 

Time 
Set the count start 
flag to “1” 


Set the count start 


Clear the count start 
flag to “1” 


flag to “O” 


Count start flag . 


Timer Bi interrupt “1”: 
request bit “o’: 


A A 
| T 


Cleared by accepting the interrupt request or by program 


Fig. 2.8.6 Timer mode operation diagram 
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2.8.4 Event counter mode [timer Bi mode register bits 1, 0=“01”] 

The event counter mode is selected by setting the timer Bi mode register bit 1 to “0” and bit 0 to “1”. When 
this mode is selected, bits 6 and 7 may be “0” or “1” because they are ignored. Bit 5 is also ignored. It 
cannot be written and is undefined at reading. Figure 2.8.9 shows the structure of the timer Bi mode 
register in event counter mode. — 

In event counter mode, the external clock input to the TBiw pin is counted. The counter is decremented 
each time an effective edge is input and an interrupt request occurs when the counter underflows (the 
contents of the counter reach 000016 — reloaded value “n’). 

The timer dividing ratio is expressed as follows: 


Timer dividing ratio = 1/(n+1) 
n: Value set in counter 
(value between 000016 and FFFF 16) 






















b6 bd 


b7 





b2 bt 


b3 b0 
P| ofa Timer Bi mode register (in event counter mode) 


Operating mode selection bits 
01 : Event counter mode 








Count polarity selection bits 
00 : Count at the falling edge of the input signal 
01 : Count at the rising edge of the input signal 
10 : Count at both edges of the input signal 


This bit is ignored (this bit cannot be written and 
is undefined at reading). 


These bits are ignored (may be “0” or “1”). 






Note: Bit 4 is undefined at reading. 
Bits 0 to 3 and bits 6 and 7 are cleared to “O” at reset. 

Bit 5 is set to “1” at reset, however, it is undefined at reading when operating in the event 
counter mode. 


Fig. 2.8.9 Timer Bi mode register structure in event counter mode 
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(1) Event counter mode operation 


First, select the operating mode and the effective edge of the count source with the timer Bi mode 
register. Next, write an arbitrary value “n” (“n"=000016 to FFFFie) in the timer Bi register to specify the 
timer dividing ratio. At the same time, the value “n” is stored in the counter and the reload register. 
Also, set the corresponding port P6 direction register bit to TBiin pin to “O” (input mode). When the 
count start flag is set to “1” (count enabled), the effective edge of the input signal to TBiin pin is detected 
and count operation starts. 

Table 2.8.4 shows the relationship between the count polarity selection bits and the effective edge of 
the count. Figure 2.8.10 shows the setting example of the event counter mode related registers. 


Table 2.8.4 Relationship between count polarity 


selection bits and effective edge 


| b2 | Count effective edge 

| Q | Falling edge of input signal 

| 1 | Rising edge of input signal 

| Q | Both edges of input signal 

The contents of the counter are decremented by 1 each time an effective edge is input. When the 
counter underflows, the contents of the reload register are reloaded into the counter and the interrupt 
request bit is set to “1”. The count operation continues in this manner and an interrupt request occurs 
and the interrupt request bit is set to “1” each time the counter underflows. Therefore, a timer Bi 
interrunt request occurs at every “n+1” count 
of the count source. Interrupts must be enabled 
before they can be used. Refer to section “2.6 
Interrupts” for more information. The interrupt 


request bit remains “1” set until the interrupt 
request is accepted or it is cleared by pro- 
gram. 

The contents of the counter can be read at 
any timing by reading the contents of timer Bi 
register, but the contents of the reload register 
can not be read. 

In order to change the timer dividing ratio when 
the timer is operating, a 16-bit update value 
must be written simultaneously in the timer Bi 
register. This value is stored in the reload reg- 
ister, and reloaded into the counter at the next 
reload timing after writing to timer Bi register. 
The operation in event counter mode is iden- 
tical to that of the timer mode except that an 
external clock input to the TBiin pin is counted. 
Refer to “Figure 2.8.8 Timer mode operation 
diagram” about an operation diagram. 


Set timer Bi mode register 
@Set the operating mode selection bits (bit 1, 0) to “01” 
@Select count polarity 








Specify timer dividing ratio 
@Set value to the timer Bi register 


Set the port P6 direction register 
@Set the corresponding bit to TBiin pin to “O” 






Set the count start flag to “1” 


Count starts. 


Fig. 2.8.10 Setting example of the event counter 


mode related registers 


99 





bss 


FUNCTIONAL DESCRIPTION 


2.8 Timer B 





2.8.5 Pulse period/pulse width measurement mode [timer Bi mode register bits 1, 0=“10"] 

The pulse period/pulse width measurement mode is selected by setting the timer Bi mode register bit 1 to 

“1” and bit 0 to “O”. The difference between pulse period measurement and pulse width measurement is 
the effective edge of the input signal determining the count term. 


@Pulse period measurement 


Pulse period is measured by counting during the period between the falling edge and the next falling 
edge or between the rising edge and the next rising edge of the input signal to the TBiw pin. 


@Pulse width measurement | 3 


Pulse width is measured by counting during the period between the falling edge and the next rising edge 
or between the rising edge and the next falling edge of the input signal to the TBiw pin. 


Figure 2.8.11 shows the structure of the timer Bi mode register in pulse period/pulse width measurement 
mode. 


(1) Pulse period /pulse width measurement mode description 


First, select the operating mode, whether to measure the pulse period or width, and count source with 
the timer Bi mode register. Set the corresponding port P6 direction register bit to TBiin pin to “O” (input 
mode). When the count start flag is set to “1” (count enabled), the selected count source is input to 
the counter and count operation starts. The counter is incremented by 1 each time a count source is 
input. 

The contents of the counter are transferred to the reload register when an effective edge is input to 
the TBin pin. Then the counter is cleared to 000016. The count operation continues and the contents 
of the counter are transferred to the reload register again when the next effective edge is input to the 
TBin pin. Then the counter is cleared to 000016. At the same time, an interrupt request occurs and the 
interrupt request bit is set to “1”. The measured result can be obtained by reading the timer Bi register 
because the contents of the reload register are read. An interrupt request does not occur and an 
undefined value is transferred to the reload register at the first effective edge after setting the count 
start flag to “1”. 

The interval between the falling edge and the rising edge or between the rising edge and the falling 
edge of the input signal to the TBiin pin must be at least 2 cycles of the selected count source. When 
measuring the pulse width of a signal other than 50% duty, whether the result (contents of the reload 
register) is “H” level width or “L” level width must be determined with program. 

Table 2.8.5 shows the relationship between measurement mode selection bits and measured intervals. 


Table 2.8.5 Relationship between measurement mode selection bits and measured Intervals 


b3_| b2 | Measurement mode | Measured intervals 
0 Pul od Between the falling edge and the falling edge of the input signal 
0 eee Between the rising edge and the rising edge of the input signal 


1 


100 


Pul ‘dth Between the falling edge and the rising edge, and between the rising 
ule edge and the falling edge of the input signal 
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In this mode, an interrupt request also occurs when the contents of the counter reach FFFFi6 > 000016 
(hereafter referred to as overflow) in addition to the effective edge. The timer Bi overflow flag is used 
to determine the cause of interrupt in pulse period/pulse width measurement mode whether an over- 
flow of the counter or an effective edge. When an overflow occurs, the timer Bi overflow flag is set 
to “1”. Therefore, the cause of interrupt request must be determined in the interrupt service routine 
by checking the timer Bi overflow flag. 

he timer Bi overflow flag set to “1” ij pared to “O” when writing to the timer Bi mode register whils 

is “1”, This flag is a read-only flag and set to “1” at reset. 

The timer Bi overflow flag must be used to determine the cause of interrupt request and must not be 
used to detect the overflow timing of the counter. Interrupt request bit must be used to detect the 
overflow timing of the counter. 
Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” for more infor- 
mation. The interrupt request bit remains “1” set until the interrupt request is accepted or it is cleared 
by program. | 
Figure 2.8.12 shows the pulse period/pulse width measurement mode operation diagram in pulse 
period measurement mode. Figure 2.8.13 shows the pulse period/pulse width measurement mode 
operation diagram in pulse width measurement mode. 





Operating mode selection bits 
10 : Pulse period/pulse width measurement mode 


Measurement mode selection bits 

00 : Pulse period measurement mode (between the falling 
edge and the falling edge of the input signal) 

01 : Pulse period measurement mode (between the rising 
edge and the rising edge of the input signal) 

10 : Pulse width measurement mode (between the falling edge 
and the rising edge, and between the rising edge and 
the falling edge of the input signal) 


Timer Bi overflow flag 
0 : No overflow 
1 : Overflow 


Count source selection bits 

00 : External clock input frequency divided by 2 (fe) 

01 : External clock input frequency divided by 16 (f16) 
10 : External clock input frequency divided by 64 (fea) 
11 : External clock input frequency divided by 512 (fs12) 


Note: Bit 4 is undefined at reading. 
Bits 0 to 3 and bits 6 and 7 are cleared to “0” at reset. 
Bit 5 is set to “1” at reset. The bit 5 set to “1” is cleared to “0” when writing to this register 
while corresponding count start flag is “1”. | | 


Fig. 2.8.11 Timer Bi mode register structure In pulse perlod/pulse width measurement mode 
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Selected count 


“1” 


Input signal to 
TBiw pin «L* 


Transferred timing of 
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Fig. 2.8.12 Pulse period/pulse width measurement mode operation diagram in pulse period measurement mode 


Selected count 


source fi 


Input signal to “H" 
TBiw pin 
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ned value) 


(undet 


ing of 
6” 


iming o 
"00001 


request bit -o" 
overflow flag ‘o" 


Cleared t 
Timer Bi interrupt “1” 


Transferred timimg of 
Counter «- 


Reload register ¢- Counter 


Fig. 2.8.13 Pulse period/pulse width measurement mode operation diagram in pulse width measurement mode 
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[Precautions when using timer B] 

1. The value of the counter while operating in timer mode or event counter mode can be read at any timing 
by reading the timer Bi register. However, if it is read at the reload timing shown in Figure 2.8.14, “FFFFie” 
is read instead of the reloaded value. The reloaded value is read if it is read after the timer Bi register 
is set during timer halted and before the count source is input and count started. 


Counter contents 
ovaecrl | 2 | 1 [0 | [nt 
notation) . ' ’ ' 


Read value ——} 
(hexadecimal 
notation) 


n=reloaded value 





2. intermupi request OCCurs by two causes in pulse period/pulse width measurement mode. These interrupts 
use the same interrupt vector address of timer Bi. 
Two factors are follows. 


@Completing the measurement of the pulse period/pulse width 
@Overflow of the counter 


3. The timer Bi overflow flag of the timer Bi mode register in pulse period/pulse width measurement mode 
must be used to determine the cause of interrupt. Interrupt request bit of the timer Bi interrupt control 
register must be used to detect the overflow timing of the counter. 

The timer Bi overflow flag set to “1” is cleared to “O” when writing to the timer Bi mode register while 
corresponding count start flag is “1”. This flag is set to “1” at reset. 


4. In pulse period/pulse width measurement mode, an undefined value is transferred to the reload register 


at the first effective edge after setting the count start flag to “1” and count starts. An interrupt request 
does not occur at the first effective edge. 
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2.9 Pulse output function 

The M37732 group is equipped with a pulse output function using timer A. The mode using the pulse output 
function is called the pulse output port mode. Pulse output port mode controls two 4-bit pulse output ports 
using timers AO and A2. 

The pulse output function of M37730 group is different from it of M37732 group described this section in 
points of the pulse output pins structure and pulse output control. Refer to “CHAPTER 8. M37730 GROUP” 
for more information. 


2.9.1 Pulse output function overview 

Pulse output port mode is divided into two waveform output modes: RTPO which controls a 4-bit pulse 
output port with timer AO and RTP1 which controls it with timer A2. 

When using a pulse output port mode, timers AO and A2 must be operated in timer mode. The pulse output 
pins (RTPOQc—-RTP0Os) for RTPO are shared with ports P5o-P53 and the pulse output pins (RTP10-RTP1s) for 
RTP1 are shared with ports P54—P57. Set the output data in pulse output data registers 0 and 1. When the 
control timers AO and A2 underflow (contents of counter change from 000016 — reloaded value n), the 
contents of pulse output data registers 0 and 1 at that point are output from pulse output pins. 

Pulse width modulation can be performed for RTPO using timer A1 and for RTP1 using timer AS. In 
addition, for RTPO, the contents of pulse output data register 0 can be selected to output inverted (negative 
polarity pulse) by program. 

Table 2.9.1 shows the overview of pulse output function. 


Table 2.9.1 Pulse output function overview 


hos re Pulse output port mode 

Waveform output mode RTP1 

Control timer | ‘Timer AO ———._._‘ | Timer A2 

Pulse output pin RTP10-RTP13 (ports P54—P57) 
Register for setting pulse data Pulse output data register 1 
Pulse width modulation Possible (timer A3 is used) 
Negative polarity pulse output function Impossible 
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2.9.2 Block description 

Figure 2.9.1 shows the block diagram for the pulse output port mode. The pulse output port mode related 
registers are described below. 

Figure 2.9.2 shows the port P5 output control circuit. 











4 5 
Pulse width modulation selection bits oles 
(address 6216 bits. 4, 5) 


Timer A3 pulse width S. i= 


modulation output 


Timer A1 pulse width 
modulation output 1 » 


Pulse output data register 1 
sate (address 6416) 





O P57 (RTP 13) 
OQ P5s(RTP 12) 


5s (ATP 11) 


P54 (RTP 10) 








eines Pa HA 


Pre ae ROY 
nee 
S 


nih 


_Data bus (odd) 
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es 
JVVUVUY 

| 


Potatattabebatataretetet 


Lb—_>———-O_ P53 (RTP0s) 
— fa —__->————-O P52 (RTP02) 


5 

= 
ID P>—__o P51 (RTPO1) 

pO 


—Jo—_ O P50 (RTP0o) 
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address 6516 
RTPO polarity selection bit 
Timer AO - (address 6216 bit 3) 


Fig. 2.9.1 Pulse output port mode block diagram 
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@ P50/TAQout/RTP00, P52/TA1our/RTPO2, P5«/TA20uT/RTP 10, PSe/TA3out/RT P12 


Timer Ai mode register (addresses 56:6 to 5916) bit 2 (Note 2) 


(pulse output selection) 
tea te: 













Pulse outpu 
Timer A outpu 


waowrwewon 


Input 


Waveform output mode register (address 6216) bits 0, 1 (Note 1) 
(RTP1, RTPO selection) 


@ P5:/TAOw/RTPO:, P59/TA1in/RTPOs, P5s/TA2iI/RTP11, P57/TASIN/RTP13 


Waveform output mode register bits 0, 1 (Note 1) 
(RTP1, RTPO selection) 


| a a ee wey re 





Note 1: P5o-P5s3 are bit 1, P5s—P57 are bit 0. 
Note 2: Timer Ai mode register bit 2 corresponding to each port. 


Fig. 2.9.2 Port P5 output control circuit 
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(1) Counter and reload register (timer AO to A3 registers) 
In pulse output port mode, timers AO and A2 must be used in timer mode to control the pulse output. 
When modulating these pulse outputs, timers A1 and A3 must be used in pulse width modulation 
mode. 
Timer Ai (i=0 to 3) counter and reload register consist of 16 bits. The counter counts the selected 
count source and its contents are decremented bv 1 each time a count source is input. The reload 
register is used to store the initial value of the 
counter. The contents of the reload register are _Table 2.9.2 Timer Ai register memory allocation 
reloaded into the counter when the counter Timer Ai register |High-order byte |Low-order byte 
underflows. Timer AO register Address 4616 
The contents of the counter change each time Timer A1 register Address 4816 
a count source is input, but the contents of the Timer A2 register Address 4Ai6 
reload register remain unchanged. Timer A3 register Address 4Cie 
Values are stored in the counter and reload 
register by writing to the timer Ai register. Table 2.9.2 shows the memory allocation of timer Aji 
register. The value written in timer Ai register when the timer is not operating is stored in the counter 
and reload register. The value written in timer Ai register when the timer is operating is stored only 
in the reload register. In this case, the updated value is transferred to the counter during next reload. 
If the timer Ai register is read, the result depends on the operating mode. Table 2.9.3 shows results 
of timer Ai register read and write. 
The value of the timer Ai register is undefined at reset. Therefore, at first the counter and the reload 
register musi be initialized when using timer Ai. 


Table 2.9.3 Timer Ali register read and write 


Mode Write 


<Timer operating> 


Timer mode (timers AO and A2) | Read timer counting value Write to reload register 


Pulse width modulation mode 5 a4 qin stined Wal <Timer halted> 
(timers A1 and Ag) | “ae underined value Write to reload register and counter 


(2) Count start flag 


The count start flag (address 4016) separately controls the starting/stopping of each timer. Each bit 
corresponds to one of the timers. 


When this flag is set to “1”, a count source is input to the counter. When this flag is set to “O”, a count 
source input to the counter is disabled. 
Figure 2.9.3 shows the structure of the count start flag register. 


b6 b b4 b3 b2_ 6561 


b7 5 b0O 


Timer AQ count start flag 
Timer A1 count start flag 
Timer A2 count start flag 


Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 
Timer B2 count start flag 
Note: This register is cleared to “OOie” at reset. 





Fig. 2.9.3 Count start flag register structure 
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(3) Timer Al mode register 
Timer Ai mode register (addresses 5616 to 5916) consists of operating mode selection bits, count source 
selection bits, and timer function selection bits. The function of the timer Ai mode register depends 
on the operating mode of the timer. 
In pulse output port mode, timers AO and A2 must be used in timer mode. Figure 2.9.4 shows the 
structure of the timer AO and A2 mode registers (in pulse output port mode). 
When modulating the pulse output, timers A1 and A3 must be used in pulse width modulation mode 
(PWM mode). Figure 2.9.5 shows the structure of the timer A1 and A3 mode registers (when using 
pulse width modulation in pulse output port mode). 
Bit 2 of the timer A1 and A3 mode registers must be fixed to “1” even when the pulse output is not 
modulated. Figure 2.9.6 shows the structure of the timer A1 and A3 mode registers (when not using 
pulse width modulation in pulse output port mode). When pulse width modulation is not used in pulse 
output port mode, timers A1 and A3 can be used in timer mode. However, the gate function cannot 
be selected because the TA1in pin and TA3in pin function as pulse output pins. Therefore, bit 4 must 
be set to “O”. 
When using RTPO, bit 2 of the timer AO and A1 mode registers must be set to “1”. When using RTP1, 
bit 2 of the timer A2 and A3 mode registers must be set to “1”. 
This is because pins RTPQo, RTPO2, RTP10, and RTP12 are shared with timer A output pins and pulse 
output is selected by setting timer Ai mode register bit 2 to “1” as shown in Figure 2.9.2. 


b7 b6 b5 b4 b3 »b2 ~ Ob1~ b0 
x ‘ Timer AO mode register (address 56:6) 
Timer A2 mode register (address 58:16) 


Operating mode selection bits 
00 : Timer mode 


Fix these bits to “00”. 


Pulse output function selection bit 
1 : Pulse output 


Fix this bit to “1”. 


This bit is ignored (may be “O” or “1”). 


Fix these bits to “00”. 


Count source selection bits 
: External clock input frequency divided by 2 (fz) 
: External clock input frequency divided by 16 (fie) 
: External clock input frequency divided by 64 (fes) 
: External clock input frequency divided by 512 (fs12) 


Note: This register is cleared to “OOie” at reset. 





Fig. 2.9.4 Timer AO, A2 mode registers structure (in pulse output port mode) 
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b7 b6 b5 b4 b3 b2 bt b0 


Timer A1 mode register (address 5716) 
Timer A3 mode register (address 591s) 






el eee Operating mode selection bits 
11 : PWM mode 


Fix these bits to “11”. 


Pulse output function selection bit 
1 : Pulse output 


Fix this bit to “1”. 


This bit is ignored (may be “QO” or “1"). 


Fix this bit to “O”. 
| | eee eRe See oe ere 16/8-bit PWM mode selection bit 


0 : 16-bit PWM mode 
1 : 8-bit PWM mode 


Count source selection bits 

00 : External clock input frequency divided by 2 (fz) 

01 : External clock input frequency divided by 16 (f16) 
10 : External clock input frequency divided by 64 (fea) 
11 : External clock input frequency divided by 512 (fs12) 


Note: This register is cleared to “OO16” at reset. 


Fig. 2.9.5 Timer A1, A3 mode registers structure (using pulse width modulation in pulse output port mode) 
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b7 b6 b5 b4 b3 ~»b2~ O»b1-~ b0 
Timer A1 mode register (address 5716) 
x | 1 Timer A3 mode register (address 59:6) 
fea Operating mode selection bits 
00 : Timer mode 


Pulse output function selection bit 
1 : Pulse output 


Fix this bit to “1”. 


This bit is ignored (maybe “O” or “1”). 
Fix this bit to “OQ”. 


Fix this bit to “O” in timer mode. 


Count source selection bits 

00 : External clock input frequency divided by 2 (fe) 

01 : External clock input frequency divided by 16 (f16) 
10 : External clock input frequency divided by 64 (fea) 
11 : External clock input frequency divided by 512 (fs12) 


Note: This register is cleared to “0016” at reset. 





Fig. 2.9.6 Timer A1, A3 mode registers structure (not using pulse width modulation in pulse output port mode) 
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(4) Waveform output mode register 
The waveform output mode register (address 6216) consists of waveform output mode selection bits, 
RTPO polarity selection bit, and pulse width modulation selection bit. Figure 2.9.7 shows the structure 
of the waveform output mode register. Each bit is described below. 


b5 












b4 = b3 


b2 


















Waveform output mode register (address 6216) 





Waveform output mode selection bits 
00 : Programmable 1/O port 

01 : RTP1 selected 

10 : RTPO selected 

11: RTPO and RTP1 selected 


RTPO polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


L________mmtm.tm4t.4j4.j§  RTPO pulse width modulation by timer At selection bit 
0 : Not modulated 
1 : Modulated 





RTP1 pulse width modulation by timer A3 selection bit 
0 : Not modulated 
1 : Modulated 












Note: Bits 2, 6, and 7 are undefined at reading. 
Bits 0, 1, and 3 to 5 are cleared to “O” at reset. 


Fig. 2.9.7 Waveform output mode register structure 
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@Waveform output mode selection bits (bits 0, 1) 
The waveform output mode selection bits are 
used to select the waveform output mode in Table 2.9.4 Relationship between waveform output mode 
pulse output port mode. Table 2.9.4 shows the selection bits and waveform output mode 
relationship between the waveform output mode Waveform output mode 
selection bits and the waveform output mode. Programmable 1|/O port 
When these bits are set to “00”, port P5 func- RTP1 selected 
tions aS a programmable I/O port or timer I/O _RTPO selected 
pin. When they are set to “11”, RTPO pulse and RTPO and RTP1 selected 
RTP1 pulse can be output. 


—s 


=aji=-|olo lo 


@RTPO polarity selection bit (bit 3) 
The RTPO polarity selection bit is used to select the RTPO pulse output polarity. When this bit is “0”, 
data is output according to the contents of the pulse output data register 0 (refer to (5) Pulse output 
data register 1, 0). When this bit is “1”, the inverse data (negative polanty pulse) of the contents of 
the pulse output data register 0 is output. 


@RTPO pulse width modulation by timer A1 selection bit (bit 4) 
The RTPO pulse width modulation by timer Ai selection bit is used to select pulse width modulation 
for RTPO pulse output. When this bit is “1”, pulse output from RTPO is modulated. When this bit is “0”, 
pulse output from RTPO is not modulated. 


@RTP1 pulse width modulation by timer A3 selection bit (bit 5) 
The RTP1 pulse width modulation by timer A3 selection bit is used to select pulse width modulation 
for RTP1 pulse output. When this bit is “1”, pulse output from RTP1 is modulated. When this bit is “0”, 
pulse output from RTP1 is not modulated. 
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(5) Pulse output data registers 1, 0 
Pulse output data registers 1 and 0 (addresses 6416, 6516) are used to set output data for RTP1 and 
RTPO respectively. The contents of the pulse output data register j (j=0, 1) are output from the pulse 
output pins each time timer AO and timer A2 underflow respectively. 


C3 ie ' “Ay 
ave OUT om ine co P OUTDO HIN Corresponding to the o BP OUTDO data 0 PT TO UO and 


“H” lavel is outro om the o a out Hin corresponding to the pn 2 outK data bi at to “1” 
However, when the RTPO polarity selection bit in the waveform output mode register is “1”, the inverse 
data (negative polarity pulse) of the contents of the pulse output data register 0 is output from pins 
RTPOc-RTP0Os. In this case, “H” level is output from the pulse output pin corresponding to the pulse 
output data bit set to “O” and “L” level is output from the pulse output pin corresponding to the pulse 
Output data bit set to “1”. 

Figure 2.9.8 shows the relationship between pulse output data register j and pulse output pins. This 
is a write-only register. 

Do not use read-modify-write instruction such as the CLB and SEB instructions. 


b2 bt 


Pulse output data register 1 (address 6416) 


RTP1o pulse output data bit 
RTP11 pulse output data bit 
RTP12 pulse output data bit 


RTP1is pulse output data bit 








b7 b6 bS5 b4 0b3 _ b2_ obit 





Pulse output data register 0 (address 65:6) 


RTPOo pulse output data bit 
RTP0O: pulse output data bit 
RTPOz2 pulse output data bit 


RTPOs pulse output data bit 


Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are write only bits and are undefined at reset. 
Use the LDM and STA instructions when setting the pulse output data registers 1,0. 


Fig. 2.9.8 Relationship between pulse output data register j and pulse output pins 
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(6) Timer Al interrupt control register 
The timer Ai interrupt control register (addresses 7516 to 7816) consists of interrupt priority level se- 
lection bits and interrupt request bit. Figure 2.9.9 shows the structure of the timer Ai interrupt control 
register. The function of each bit is described below. Use the SEB and CLB instructions when setting 
the timer Ai interrupt control register. Refer to section “2.6 Interrupts” for more information. 


b2 bt Timer AO interrupt control register (address 75:16) 


Timer A1 interrupt control register (address 76:6) 
I] Timer A2 interrupt control register (address 7716) 


Timer A3 interrupt control register (address 78:16) 


Interrupt priority level selection bits 
000 : Level 0 (interrupt disabled) 
001 : Level 1 Low 

010 : Level 2 

011: Level 3 

100 : Level 4 Priority 

101 : Level 5 

110 : Level 6 

111 : Level 7 High 


Interrupt request bit 

0 : No interrupt request 

1 : Interrupt request 
Note: Bits 4 to 7 are undefined at reading. 


Bits 0 to 3 are cleared to “0” at reset. 
Use the SEB and CLB instructions when setting the timer Ai interrupt control register. 





Fig. 2.9.9 Timer Ai interrupt control register structure 


@interrupt priority level selection bits (bits 0 to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 and 
7 when using a timer Ai interrupt. When an interrupt request occurs, this level is compared with the 
processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt is allowed 
only when this level is higher than IPL (interrupt disable flag | must be “0O”). Set these bits to “000” 
(level 0) to disable only timer Ai interrupt. 


@interrupt request bit (bit 3) 
This bit is set to “1” when a timer Ai interrupt request occurs. The interrupt request bit set to “1” is 
cleared to “O” when the interrupt request is accepted. 
This bit can also be set or cleared by program. 
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2.9.3 Operation description 

The waveform output modes RTPj (j=0, 1) have identical functions and operate in the same manner except 
that RTPO allows selection of pulse output polarity. 

Timer Ak (k=0, 2) for pulse output control must be operated in timer mode. With timer mode used in pulse 
output port mode, the timer Ak mode register bit 2, which functions as pulse output function selection bit 
in normal timer A timer mode, must be fixed to “1” to select “pulse output”. Similarly, bit 4 of the gate 
function selection bits must be fixed to “0” to select “no gate function”. 

Fix timer Ah (n=i, 3) mode register bit 2 to “i” regardiess of whether pulse width modulation is used or 
not. By setting timer Ai mode register bit 2 to “1”, the ports P50 (RTP0Qo), P52 (RTPOz), P54 (RTP1o), and 
P5e (RTP12) are shared with timer A output pins function as pulse output pins. 

Table 2.9.5 shows the waveform output mode. 

Figure 2.9.10 shows the structure of pulse output pins and pulse output data register j. 


Table 2.9.5 Waveform output mode 


Se Pulse output port mode 

Waveform output mode RTPO RTP1 

Control timer Timer A2 

Pulse output pin RTPQo—-RTPOs (ports P5o—P§s) RTP1o—RTP1s (ports P54—P57) 
Register for setting pulse data Pulse output data register 1 
Pulse width modulation Possible (timer A3 is used) 
Negative polarity pulse output function Impossible 


SS  ————  —  ————— 


RT P13/P57 


RTP12/P5. 
RTP1 output 


(address 6416) 


RTP11/P5s 
RT P10/P5s 


RTP0Os/P5: 


Pulse output data register 0 DI RTPO2/P52 
) 


RTPO output 
RTP01/P5: 


RT POo/PSo 





Fig. 2.9.10 Pulse output pins and pulse output data register j structure 
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. (1) RTPj operation description (not modulated, RTPO positive polarity) 


The following is the description of RTPj operation. 
First set the pulse output port mode related registers in the following sequence. 


@ Timer Al mode register 


@Timer AO, A2 mode registers 

Select a count source and fix bits 2 to 0 to “100” and bits 5 and 4 to “00”. 
@Timer A1, A3 mode registers 

Fix bit 2 to “1”. 


@ Waveform output mode register 
Select waveform output mode, RTPO polarity, and pulse width modulation. 


@ Pulse output data register j 
Write data to be output. 


@® Timer Ak (k=0,2) register 
Write a value n (n=0000i6 to FFFF16) and set the timer dividing ratio. 


® Count start flag 
Timer corresponding to the bit set to “1” is started. 


he timer Ai mode register as described above and then set the waveform output mode regi 
If the waveform output mode register is set (to waveform output mode) before setting the timer Ai 
mode register (to pulse output), the contents of port latch are output because ports P50, P52, P54, and 
P56 have the circuit structure shown in Figure 2.9.2. 


When setting the above registers, the timer Ai mode register and waveform output mode register must 


cry 


For timer Ak (k=0,2) operated in timer mode, when the corresponding count start flag is set to “1”, the 
selected count source is input to the counter and starts the count operation. The contents of the 
counter are decremented by 1 each time a count source is input. When the counter first underflows 
(contents of the counter change 000016 — reloaded value n), the contents of the pulse output data 
register j at that time are » OMNpUl from RTP} pin. At the same time, a timer Ak interrupt request occurs. 


he RTPj pin output level is undefined during the interval from the time F elected until the 
Timer Ak dividing ratio is expressed as follows: 


Timer Ak dividing ratio = 1/(n+1) 
n: Value set in counter 
(value between 000016 and FFFFte) 


The counter continues to operate and the pulse output continues at the state of the first underflow. 
When the counter underflows for the second time, the contents of the pulse output data register j at 
the time of the second underflow are output as pulse output. The counter continues to operate and 
pulse output continues in the same manner. 

Therefore, when the contents of the pulse output data register j are changed during pulse output, the 
updated data is output next time the counter underflows after writing to the pulse output data register 
j. Figure 2.9.11 shows the pulse output example for RTPO (positive polarity, not modulated). 

Refer to section “2.7.3 Timer mode” for the operation description of timer Ak in timer mode. 
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nN: reloaded value 


FFFF 16 Start pulse output 


2nd underflow 





Contents of timer AO counter (hexadecimal) 


' ' ) 1 Time 
! 


000016 pL 
' 


J ' 
Contents of pulse output 
data register 0 0 (00002) C7112) DD 8 (10002) 9 (10012) 


RTPOs output a 
“H" 
RTP0O2 output - 


RTP0O1 output i 


*H" 
RTP0Oo output a 


Contentsof RTPO 
output Undefined 


Timer AO interrupt ‘© 
request bit "0 





Cleared by accepting the interrupt Cleared by accepting the interrupt 
request or by program request or by program 





Fig. 2.9.11 RTPO pulse output example (positive polarity, not modulated) 
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(2) RTPj operation description (modulated, RTPO positive polarity) 
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The following is the description of RTPj operation with pulse width modulation selected. 

Timer Ah (h=1,3) used for pulse width modulation must be operated in pulse width modulation (PWM) 
mode. With the PWM mode used for pulse output port mode, only the internal trigger occurred by 
setting the count start flag can be used. Except for this, the function is the same as with normal timer 
A in PWM mode. 

Pulse width modulation set with timer Ah is performed while “H” level is output from the respective pins 
RT Pjo—RTPj. 

First set the pulse output port mode related registers in the following sequence. 


@ Timer Ai mode register 


@Timer AQ, A2 mode registers 
Select a count source and fix bits 2 to 0 to “100” and bits 5 and 4 to “QO”. 
@Timer A1, A3 mode registers 
Select 16/8-bit PWM mode, select count source, fix bits 2 to 0 to “111” and bit 4 to “O”. 


® Waveform output mode register 
Select waveform output mode, RTPO polarity, and pulse width modulation. 


@ Pulse output data register j 
Pulse from the pulse output pin corresponding to the bit set to “1” is modulated. 


@ Timer Al register 


@Timer AO, A2 registers 

Write a value n (n=000016 to FFFFie) and set the timer dividing ratio. 
@Timer A1, A3 registers 

Write a value and set “H” level width of the PWM signal. 


© Count start flag 
Timer corresponding to the bit set to “1” is started. 


et the timer Ai mode register as described above and then se 2 waveform output mode regi 
lf the waveform output mode register is set (to waveform output mode) before setting the timer Ai 
mode register (to pulse output), the contents of port latch are output because ports P50, P52, P54, and 
P5s have the circuit structure shown in Figure 2.9.2. 
When setting the above registers, the timer Ai mode register and waveform output mode register must 
When Timer Ai operation starts, pulse width modulation is performed while “H” level is output from 
pins RTPjo-RTPjs. 
When 16-bit PWM mode is selected, the pulse period and pulse width of the PWM signal are ex- 
pressed as follows: 


[16-bit PWM mode] 


Pulse output period = (1/fi) X (2'%1) [s] 
Pulse output “H” level width = (1/fi) <x n [s] 
fi: Selected count source frequency 
n: Value set in timer A1, A3 counter 
(value between 000016 and FFFEie) 
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When 8-bit PWM mode is selected, the pulse period and pulse width of the PWM signal are expressed 
as follows: 


[8-bit PWM mode] 


Pulse output period = (1/fi) X (m+1) <X (28-1) [s] 
Pulse output “H” level width = (1/fi) X (m+1) X n [s] 
fi: Selected count source frequency 
n: Value set in high-order 8 bits of timer A1, A3 counter 
(value between 0016 and FE) 
m: Value set in low-order 8 bits of timer A1, A3 counter 
(value between 0016 and FFie) 


An interrupt request of timer Ak (k=0,2) occurs each time the counter underflows. An interrupt request 
of timer Ah (h=1,3) occurs each time the PWM signal level changes from “H” level to “L” level. 
Figure 2.9.12 shows the pulse output example for RTPO (positive polarity, modulated). 

Refer to section “2.7.6 Pulse width modulation (PWM) mode” for the operation description of timer Ah 
in PWM mode. 





3 

= n: reloaded value 

E FFFFi.e|  Siart puise output 

: ; 

= —_ = 
5 N Perret ts pr rr wrt etree ewe 

3 1st 2nd underflow 3rd underflow 4th underflow 
o under-Sa, 

= flow = = a 

® ' I ' 

= eae | -~-) --1 

= ‘ ; 

re) 

2 

Cc 

© wet 

Cc 

8S 0000 


1 1 ! Time 


! ! | 
Contents of pulse output 
a, 8 (1000: 9 (1001 
data register 0 1 (00012) 6 (01102) ¢< ss (10002) CY 2) ( 2) 


Timer A1 interrupt request 
PWM signal dueto— 4 4 /% Val Vil ys rl J val 7 yas i 
timer A1 


H° 


RTP0Os output 


RTP02 output me 
RTP0O1 output . 


RTP0o output 7 





L" 
L" 
H" 
L? 
L" 


Timer AO interrupt’™ 
request bit “o" & 





\ ye *< 


Cleared by accepting the interrupt Cleared by accepting the interrupt 
request or by program request or by program 


Fig. 2.9.12 RTPO pulse output example (positive polarity, modulated) 
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(3) RTPO operation description (negative polarity selected). 
When the RTPO polarity selection bit of the waveform output mode register is set to “1”, the inverse 
data (negative polarity pulse) of the contents of the pulse output data register 0 is output from RTPO. 
In this case, “H” level is output from the pulse output pin corresponding to the pulse output data bit 
set to “0” and “L” level is output from the pulse output pin corresponding to the pulse output data bit 
set to “1”. 
When pulse width modulation is performed with negative polarity selected, the output pulse is inverse 
of the case when pulse width modulation is performed with positive polarity. 
Figure 2.9.13 shows the pulse output example for RTPO (negative polarity, modulated). 


n: reloaded value 
FFFFis} Start pulse output 


3rd underflow 
“ew 


Contents of timer AO counter (hexadecimal) 


000016 ie 


I A ' ' Time 
1 1 | 


U 
Contents of pulse output 
data register 0 1 (00012) { 6 (01102), ~—s«é<S (01102) C  ————s-8(10002) i sstsi«*SYS (10002) 9 (10012) 


Timer A1 interrupt request ’ 


Enea aie FA AZ Ax mz m7 HZ yea A ™mA7 mz ! Pd 


RTP0O3 output eo 
RTP02 output 
RTP0: output ie 
RTP0Oo output : 


Timer AO interrupt “* 

request bit : 
Cleared by accepting the interrupt Cleared by accepting the interrupt 
request or by program request or by program 


Note: This is an example where the RTPO polarity selection bit is set to “1” under the condition 
for pulse output example in Figure 2.9.12. 





Fig. 2.9.13 RTPO pulse output example (negative polarity, modulated) 
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[Precautions when using pulse output function (pulse output port mode)] 


1. Fix timer AO to A3 mode registers bit 2 to “1” in order to use ports P50 (RTP0o), P52 (RTP0z2), P54(RTP 10), 
and P56 (RTP12) as pulse output pin. 


@When using RTPO: Fix timer AO, A1 mode registers bit 2 to “1”. 
@When using RTP1: Fix timer A2, A3 mode registers bit 2 to “1”. 


2. When pulse width modulation is not performed, timers A1 and A3 can be used in timer mode. In this case, 


bit 4 must be fixed to “0” because the gate function cannot be used. Bit 5 must be also fixed to “OQ”. 
Therefore, timer A1, A3 mode registers can be only used to select the count source. 
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2.10 Serial I/O 


Serial I/O consists of UARTO and UART1 that have same functions. These serial I/O can operate either as 
clock synchronous serial I/O port or asynchronous serial I/O (UART) port. 


2.10.1 Serial 1/O description | 

UARTO and UART1 can operate either as clock synchronous serial |/O port or asynchronous serial !/O 
(UART) port. These two serial !/O ports are independent, but have identical functions. Each serial I/O port 
has a transfer clock generation timer (baud rate generator referred to BRG) and can be set a variety of 
data transfer rate. 


Figure 2.10.1 shows the serial |/O operating modes. 
Each serial I/O has four operating modes. The following modes are available: 


@Clock synchronous serial 1/O 
In this mode, both the transmission side and receiving side use the same clock to transfer data. The 
data (character) length is 8 bits. 


@7-bit UART 
In this mode, the data is transferred at an arbitrary rate and data format. The data (character) length 
is 7 bits. 


@8-bit UART 
This mode is identical to 7-bit UART except that the data length is 8 bits. 


@9-bit UART 
This mode is identical to 7-bit UART except that the data length is 9 bits. 


Clock synchronous serial /O 


Serial 1/O | 
Clock asynchronous serial I/O (UART) 7-bit VART 


8-bit UART 
9-bit UART 





Fig. 2.10.1 Serial I/O operating modes 
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2.10.2 Block description 
Figure 2.10.2 shows the block diagram of serial I/O. The function of each related registers are described 
below. 











0} Jo] 0] 0] 0} 0 fDef>r}e\0efD.fPe|O20s Oo} biter ropster 


RxDi © UARTI receive register 
circult 
en 


control circuit 


Receive clack 





BRG count source selection bits 
fe ———O 














BRG 
1/(n+1) Transmission clock 


Clock synchronous ~ 
(Internal clock) 









TE) 
Clock synchr (internal clock) Enea dock) — 
ock synchronous (internal clo (Extern 
| i Do| UARTI transmission 
buffer register 





CLKi 





CTSYRTSi 


Sauces Data DUS (even) REESE RRS 


SOOOCOOOL enaneenaiihateeatt Hnelidia tie MEMORIA RHR IR IOC 


a PTO RR Waa DS 


Fig. 2.10.2 Serial /O block diagram 
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(1) UARTi transmit/receive mode register (i=0, 1) 
The UARTO transmit/receive mode register (address 3016) and the UART1 transmit/receive mode register 
(address 3816) consist of bits to set serial I/O modes, transferring data format. 
Figure 2.10.3 shows the structure of the UARTi transmit/receive mode register. 


b7 b6 b5 b4 b3 »b2 ~ Ob1~ b0 

ote UARTO transmit/receive mode register (address 30:6) 

UART1 transmit/receive mode register (address 38:5) 
 cbuaad Serial I/O mode selection bits 

000 : Programmable I/O port (Serial /O prohibited) 

001 : Clock synchronous serial |/O 

100 : 7-bit UART 

101 : 8-bit UART 

110 : 9-bit UART 


Internal/External clock selection bit 
0 : Internal clock 
1 : External clock 


Stop bit length selection bit (in UART mode) 
0 : One stop bit 
1 : Two stop bits 


Odd/Even parity selection bit (in UART mode) 
0 : Odd parity 
1 : Even parity 


Parity enable bit (in UART mode) 
0: Parity disabled 
1 : Parity enabled 


Sleep function selection bit (in UART mode) 
0 : Sleep function disabled 
1 : Sleep function enabled 


Note: Bits 4 to 6 are ignored in clock synchronous mode. 
Bit 7 must be fixed to “O” when using clock synchronous mode. 
This register is cleared to “0016” at reset. 


Fig. 2.10.3 UARTI transmit/receive mode register structure 
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@Serial I/O mode selection bits (bits 0 to 2) 
These bits are used to select serial I/O modes. 
Table 2.10.1 shows the relationship between the serial I/O mode selection bits and serial I/O modes. 
When bits 2 to 0 are set to “000”, serial 1/O is disabled and ports P80—P8s, and P84—P87 function as 
programmable I/O ports. When one of the serial I/O modes is selected, port P8 has the function shown 
in Table 2.10.2 and loses its programmable I/O port function (except for some pins in UART mode). 


Tabie 2.10.1 Relationship between seriai i/(O mode seiection bits and seriai i/O modes 


b2 | b1 | bo. Serial 1/O mode selection bits 
| 0 | Programmable I/O port (Serial /O prohibited 
| 1 | Clock synchronous serial I/O 
| 1 | O [Not available 
| 1 | 1 [Not available 
“0 | 7-bit UART 
8-bit UART 
9-bit UART 
Not available 


| aaj —a| lolol olo 


Table 2.10.2 Function of port P8 when serial I/O is selected 
Using UARTO Using UART1 Function 
P80 CTS/RTS (transmission control signal I/O pin 


P8; ; P85 CLK (transfer clock I/O pin) (Note 1 ee 
P82 








Note 1: This depends on the internal/external clock selection bit as follows: 
When an external clock is selected : Clock input pin 
When an internal clock is selected : *Clock output pin in clock synchronous mode 
‘Normal I/O port in UART mode 
Note 2: TxD pin starts to output “H” level when one of serial I/O modes is selected. 
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@internal/External clock selection bit (bit 3) 
[Clock synchronous mode] 
This bit is used to select either an internal clock or an external clock as the synchronous clock (shift 
clock) for data transfer. 
When this bit is set to “0” to select an internal clock, the divided clock by 2 which the later described 
baud rate generator (BRG) generates is used as the shift clock. In addition, the CLKi pin becomes the 
output pin and the shift clock is output from this pin. 
When this bit is set to “1” to select an external clock, the CLKi pin becomes the input pin and data 
transfer is synchronized with the clock input to this pin. 


[UART mode] 
This bit is used to select either an internal clock or an external clock as the input clock to the BRG 
which is described later. 
When this bit is set to “0” to select an internal clock, the clock selected with the later described BRG 
count source selection bits in the UARTi transmit/receive control register 0 becomes the BRG input 
clock. In this case, the CLKi pin (ports P81, P85) can be used as a programmable |/O port. 
When this bit is set to “1” to select an external clock, the CLKi pin becomes the clock input pin and 
the clock input to this pin becomes the BRG input clock. 


@Stop bit length selection bit (bit 4) 
[Clock synchronous mode] 
This bit is ene It can be either “O” or “1”. 


[UART mode] 
This bit is used to select between 1 and 2 bits as the stop bit to indicate the end of data. 
1 stop bit is selected when this bit is “0”. 2 stop bits are selected when this bit is “1”. 


@Odd/Even parity selection bit (bit 5) 
[Clock synchronous mode] 
This bit is ignored. It can be either “O” or “1”. 


[UART mode] 
This bit is used to select between even parity and odd parity. Odd parity is selected when this bit is 
“0”, and even parity is selected when this bit is “1”. 
This bit is valid if the parity enable bit (bit 6) is set to “1” (enabled). 


@Parity enable bit (bit 6) 
[Clock synchronous mode] 
This bit is ignored. It can be either “O” or “1”. 


[UART mode] 
This bit is used to specify whether to add a parity bit at the end of transmitted data or not (whether 
to perform parity check of received data or not). Whether to use odd parity or even parity is specified 
with bit 5. 
When this bit is “1”, a parity is added at transmitting, and parity check is performed at receiving. 


@Sleep function selection bit (bit 7) 
[Clock synchronous mode] 
This bit must be fixed to “0”. 


[UART mode] 

This bit is used to enable or disable the sleep function. If this bit is set to “1” to enable the sleep 
function, the data is ignored when the most significant bit (MSB) of the received data is “0”. 

This function is used when multiple microcomputers are connected through the serial I/O port. Refer 
to section “2.10.5 Sleep mode”. 
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(2) UARTI transmit/receive control register 0 
The UARTO transmit/receive control register 0 (address 3416) and the UART1 transmit/receive control 
register 0 (address 3Cie) consist of bits to select the BRG count source and CTS/RTS function, and a 
flag that indicates the UARTi transmission register state. 
Figure 2.10.4 shows the structure of the UARTi transmit/receive control register 0. 


@BRG count source selection bits (bits 0 and 1} 
This bit is used to select the count source of the BRG when an internal clock is selected. Table 2.10.3 
shows the relationship between the BRG count source selection bits and the count source. 


Table 2.10.3 Relationship between BRG count source selection bits and count source 


bi | bo | BRG count source 
0 | ~__] fe selected which is f(Xin) divided by 2 

0 | 4‘ | fie selected which is f(Xin) divided by 16 

1 | Q ___| fea selected which is f(Xin) divided by 64 

1 fs12 selected which is f(Xin) divided by 512 


f(Xin): External clock input frequency 


@CTS/RTS function selection bit (bit 2) 
This bit is used to select CTS and RTS function. Port P80 functions as CTS/RTS pin for UARTO, port 
PSs as CTS/ATS pin for UARTI. 
When this bit is “0”, CTS function is selected. Port P80 or P84 functions as the CTS input pin. This pin 
must be at “L” level in order for transmission to start. 
When this bit is “1”, RTS function is selected. Port P80 or P84 functions as the RTS output pin. “H” level 
is Output when receive is disabled (the receive enable bit in UARTi transmit/receive control register 
1 is “O”). “L” level is output when receive is enabled (the receive enable bit is “1”). It returns to “H” 
level when receive starts and “L” level is output when receive completes. 


@Ttransmission register empty flag (bit 3) 
This flag is set to “O” when the contents of UARTi transmission buffer register are transferred to the 
UARTi transmission register. It is set to “1” when transmission completes and the UARTIi transmission 
register becomes empty. This flag is a read-only flag and set to “1” at reset. 
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b3 b2_ bt 


b0 
: UARTO transmit/receive control register 0 (address 34:6) 
[pnw] aw] Rw UART1 transmit/receive control register 0 (address 3Ci«) 


BRG count source selection bits 

00 : fe selected 

01 : fre selected 

10 : fea selected 

11 : fs12 selected 

CTS/RTS function selection bit 

0 : CTS function selected 

1 : RTS function selected 

Transmission register empty flag 

0 : Data in transmission register (transmitting) 
1 : No data in transmission register (transmit complete) 





Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 2 are cleared to “0” at reset. 
Bit 3 is a read-only bit and set to “1” at reset. 





Fig. 2.10.4 UARTi transmit/receive control register 0 structure 
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(3) UARTI transmit/receive control register 1 
The UARTO transmit/receive control register 1 (address 3516) and the UART1 transmit/receive control 
register 1 (address 3D1«) consist of serial I/O enable bits, serial I/O state flags, and serial I/O error 
flags. Figure 2.10.5 shows the structure of the UARTi transmit/receive control register 1. 





b2 bi 


b7 b6 b5 b4_ b3 b0 
B/W R/W UARTO transmit/receive control register 1 (address 3516) 
UART1 transmit/recelve control register 1 (address 3D16) 
Transmit enable bit 


0 : Transmission disabled 
1 : Transmission enabled 


Transmission buffer empty flag 
0 : Data in transmission buffer register 
1 : No data in transmission buffer register 


Receive enable bit 
0 : Receive disabied 


| | 1 : Receive enabied 
Receive completion flag 
0 : No data in receive buffer register 
1 : Data in receive buffer register 
Overrun error flag 
0 : No overrun error 
1: Overrun error 
Framing error flag (in UART mode) 
| 0 : No framing error 
1: Framing error 
Parity error flag (in UART mode) 
0 : No parity error 
1 : Parity error 


Error sum flag (in UART mode) 
0 : No error 
1: Error 


Note: Bits 5 to 7 are ignored in clock synchronous mode. 
Bit O and bits 2 to 7 are cleared to “O” at reset. 
Bit 1 is set to “1” at reset. 
Receive completion flag and each error flag are cleared to “O” when the low-order byte of 
receive buffer register is read or the receive enable bit is cleared to “0”. 


Fig. 2.10.5 UARTI transmit/receive control register 1 structure 
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@Ttransmit enable bit (bit 0) 
Serial I/O transmission is enabled when this bit is set to “1”. If this bit is set to “O” during transmitting, 
serial I/O transmission is disabled after the current transmission completes. 


@Transmission buffer empty flag (bit 1) 
This flag indicates the state of the transmission buffer register. This bit is set to “1” when the contents 
of the transmission buffer register are transferred to the transmission register. This flag is automati- 
cally cleared to “0” when data is written in the transmission buffer register. 


@Receive enable bit (bit 2) | — 
~ Serial /O reception is enabled when this bit is set to “1”. If the RTS function is selected, the RTS pin | 
becomes “L” level when this bit is set to “1”. 


@Receive completion flag (bit 3) 
This flag is set to “1” when the data in the receive register is transferred to the receive buffer register 
(receive completion). This flag is cleared to “O” when the low-order byte of the receive buffer register 
is read or when the receive enable bit is set to “0” (receive disabled). 


@Overrun error flag (bit 4) 
This flag is set to “1” when receiving of the next data completes and the contents of the receive buffer 
register are updated while there is data remaining in the receive buffer register (before the contents 
of the receive buffer register are read). 
This flag is cleared to “O” when the low-order byte of the receive buffer register is read or when the 
receive enable bit is set to “0” (receive disabled). 


@Framing error flag (bit 5) 
[Clock synchronous mode] 
This flag is ignored. 


[UART mode] 
This flag is set to “1” when the number of stop bits is not the number séecilied with stop bit length 
selection bit (bit 4) of the UARTi transmit/receive mode register. This flag is cleared to “O” when the 
low-order byte of the receive buffer register is read or when the receive enable bit is set to “0” (receive 
disabled). 


@Parity error flag (bit 6) 
[Clock synchronous mode] 
This flag is ignored. 


[UART mode] 
This flag is set to “1” when the parity odd/even is not the one specified. This flag is cleared to “0” when 
the low-order byte of the receive buffer register is read or when the receive enable bit is set to “0” 
(receive disabled). 


@Error sum flag (bit 7) 
[Clock synchronous mode] 
This flag is ignored. 


[UART mode] 
This flag is set to “1” when either an overrun error, a framing error, or a parity error occurs. This flac 
is cleared to “O” when the low-order byte of the receive buffer register is read or when the receive 
enable bit is set to “0” (receive disabled). 
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(4) UARTI transmission register and UARTi transmission buffer register 
The UARTO transmission buffer register (addresses 3216, 3316) and the UART1 transmission buffer 
register (addresses 3Aic, 3Bie) are registers to set data output from TxDi pin. 
When transmit conditions are satisfied, the transmit data written in the UARTi transmission buffer 
register is transferred to the UARTi transmission register, and is synchronously transmitted from the 
TxDi pin with the specified clock. 
In clock synchronous mode and 7 or 8-bit UART mode, only the low-order byte of the UARTi trans- 
mission buffer register is used. In 9-bit UART mode, bit 8 of the transmit data is written in bit 0 of the 
high-order byte, and the remaining 0 to 7 bits are written in the low-order byte. | 
The UARTi transmission buffer register becomes empty after the data is transferred to the UARTi 
transmission register. Therefore, the next transmit data can be written during transmission. 
The contents of UARTi transmission buffer register can not be read because it is a write-only register. 
Figure 2.10.6 shows the block diagram of serial I/O transmission. 


Data bus (odd) : 


"= Data bus (even) : 


| UARTi transmission buffer register | | 


8-bit UART 
9-bit UART 
a UART 


No arity] Clock He se ee : 
oa bie rot uanr | OLUART ARTI transmission register 


“O ” 





Fig. 2.10.6 Serial 1/O transmission block diagram 


(5) UARTI receive register and UARTI receive buffer register 
The UARTIi receive register converts serial data input to the RxDi pin to parallel data. The RxDi pin 
input level is moved bit by bit to the UARTi receive register synchronized with the rising edge of the 
synchronous clock. 
The UARTO receive buffer register (addresses 3616, 3716) and the UART1 receive buffer register 
(addresses 3E16, 3F16) are registers to read the received data. The contents of UARTi receive register 
are automatically transferred to the UARTIi receive buffer register when data receive completes. 
The bits 1 to 7 of the high-order bytes (addresses 3716, 3F1e) of the UARTi receive buffer register are 
always fixed to “O” at reading. The same data as the MSB (most significant bit) of effective receive 
data can be read from the unused bits of the low-order 9 bits as follows: 


@D7 and De in 7-bit UART mode. 
@Ds in 8-bit UART mode and clock synchronous mode. 


Note that the contents of UARTi receive buffer register will be updated if the next receive data 
becomes available before the UARTi receive buffer register is read (overrun error occurs). 
Figure 2.10.7 shows the block diagram of serial I/O receive. 
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Fig. 2.10.7 Serial I/O receive block diagram 


(6) UARTI baud rate register 
The baud rate generator (referred to BRG) is the 8-bit timer exclusively for serial |/O equipped with 
a reload register. 
The BRG divides the input clock by (n+1), where “n” is the value set in the UARTO baud rate register 
(address 3116) and the UART1 baud rate register (address 3916). This register can contain a value 
between 0016 and FFie. 
In clock synchronous serial I/O mode, the BRG becomes effective when an internal clock is selected 
and the BRG output divided by 2 becomes the synchronous clock for transmit/receive. 
In UART mode, the BRG is effective regardless of the clock type and the BRG output divided by 16 
becomes the transmit/receive clock. — 
The contents of the UARTi baud rate register can not be read because it is a write-only register. This 
register is undefined at reset. 
Figure 2.10.8 shows the block diagram of shift clock generation. 


@Clock synchronous mode 


BRG 


Transmission control circuit Transmission clock 
Receive control circuit Receive clock 


Transmission control circuit Transmission clock 


Receive control circuit Receive clock 


fi: Internal clock selected with the BRG count source selection bits 
fEXT: External clock input to the CLKi pin 





Fig. 2.10.8 Shift clock generation block diagram 
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(7) UARTI transmission interrupt control register and UARTI receive interrupt control register 
Transmit interrupt and receive interrupt can be used when the serial I/O mode is selected. Each 
interrupt has an interrupt control register. Interrupt control register consists of interrupt priority level 
selection bits and interrupt request bit. Figure 2.10.9 shows the structure of UARTi transmission 
interrupt control register and UARTIi receive interrupt control register and each bit is described below. 
Use the SEB and CLB instructions when setting each interrupt contro! register. 

Refer to section “2.6 Interrupts” for more information. 


@interrupt priority level selection bits (bits 0 to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1 and 
7 when using serial I/O interrupts. When an interrupt request occurs, this level is compared with the 
processor interrupt priority level (IPL) in the processor status register (PS). The interrupt is allowed 
only when this level is higher than IPL (interrupt disable flag | must be “0”). Set these bits to “000” 
(level 0) to disable an interrupt. 


@interrupt request bit (bit 3) 
The transmit interrupt request bit is set to “1” when data is transferred from the UARTi transmission 
buffer register to the UARTi transmission register for data transmission. 
The receive interrupt request bit is set to “1” when data receive completes and data is transferred from 
the UARTi receive register to the UARTi receive buffer register. 
The interrupt request bit set to “1” is cleared to “O” when the interrupt request is accepted. This bit 
can be set or cleared by program. 


UARTO transmission interrupt control register (address 7116) 
UARTO receive Interrupt control register (address 7216) 
UART1 transmission Interrupt control register (address 7316) 
UART1 receive interrupt control register (address 74:6) 


Interrupt priority level selection bits 
000 : Level 0 (interrupt disabled) 
001 : Level 1 Low 

010 : Level 2 

011 : Level 3 

100 : Level 4 Priority 

101 : Level 5 

110 : Level 6 

111 : Level 7 High 


Interrupt request bit 
0 : No interrupt request 
1 : Interrupt request 


Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to “O” at reset. 
Use the SEB and CLB instructions when setting each interrupt control register. 





Fig. 2.10.9 UARTI transmission interrupt control register and UARTI receive interrupt control register structure 
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(8) Port P8 direction register 
Serial I/O input/output pins are shared with port P8. Port P8 function is selected by the serial I/O mode 
selection bits of the UARTI transmit/receive mode register. When using port P8 as serial I/O input pins, 
the corresponding bit in the direction register must be set to “0” (input mode). When using port P8 as 
serial I/O output pins, it functions as serial I/O output pins regardless of the direction register. 
Figure 2.10.10 shows the relationship between the port P8 direction register (address 1416) and the 
serial 1/O pins. — 

















b4 b b2 bib 


b7 b6~ bd 3 0 
Port P8 direction register (address 1416) 


CTSo input/RTSo output pin 
CLKo I/O pin 

RxDo input pin 

TxDo output pin 

CTS: input/RTS: output pin 
CLK: I/O pin 
RxD: input pin 
TxD: output pin 










Note: This register is cleared to “OO16” at reset. 


Fig. 2.10.10 Relationship between port P8 direction register and serial I/O pins 
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2.10.3 Clock synchronous serial 1/O 
Table 2.10.4 shows the performance overview of the clock synchronous serial I/O mode. 


Table 2.10.4 Clock synchronous serial I/O performance overview 
Parameter Function 

Data format 8 bit fixed, LSB* first 

Transfer rate BRG output divided by 2 

External clock 2Mbps maximum (at f(Xin)=8MHz) 

4Mbps maximum (at f(Xin)=16MHz) 

oMbps maximum (at f(Xin)=25MHz) 


Transmit/receive control CTS input or RTS output can be selected by program. 
%* LSB=Least Significant Bit 





(1) Synchronous clock (shift clock) 
The serial |/O data transfer rate is determined by the synchronous clock (shift clock). The M37732 
group can select whether to generate this clock internally or to use an external input clock as the 
synchronous clock. The synchronous clock is generated internally when the UARTi transmit/receive 
mode register bit 3 is set to “O", and externally when it is set to “1”. 
In clock synchronous mode, the synchronous clock used for data transfer is generated by activating 


isin There d even when performing receive only, 


> meme oh RN = 






ine transmitier. inererore, 


@Using Internal generation clock as synchronous clock 

When the internal/external clock selection bit is set to “0”, the BRG output divided by 2 is used as the 
synchronous clock. In this case, the CLKi pin becomes output mode and the transmit/receive syn- 
chronous clock is output from the CLKi pin. 

The BRG is a serial I/O timer which has an 8-bit structure and is used as a frequency divider to 
generate the desired frequency. The BRG divides the clock selected with bits 0 and 1 in the UARTi 
transmit/receive control register 0 by (n+1). The synchronous clock is the divided clock by 2 which has 
been divided by (n+1) with the BRG. “n” is the value set in the UARTi baud rate register. It can be 
set a value between 0016 and FFte. 


Synchronous clock frequency ............. fi / (2(n+1)) 
fi: BRG input frequency (i=2, 16, 64, 512) 


8 synchronous clocks are generated by activating the transmitter. 


@Using external input clock as synchronous clock 
When the internal/external clock selection bit is set to “1”, the external clock is used as the synchro- 
nous Clock. 
When an external clock is selected, the clock input to the CLKi pin becomes the synchronous clock. 
Set the port P8 direction register bit 1 (CLKo) and bit 5 (CLK:1) to “O” to select input mode. 
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(2) Serial data transmission 
The data transmission method in clock synchronous serial I/O mode is described below. 


[Setting the control registers] 
Set each serial I/O control register for transmission. 


@UARTI transmit/receive mode register 
«Serial I/O mode selection bits 
Set the bits 2 to 0 to “001”. 


eInternal/External clock selection bit 
Set the bit 3 to “O” when an internal clock is selected, or “1” when an external clock is selected. 


eSetting the bit 7 to “0” (disable sleep mode) 


@UARTI transmit/receive control register 0 
*BRG count source selection bits 
Select the BRG count source with bits 0 and 1 when an internal clock is selected for synchronous 
Clock. 


‘CTS/RTS function selection bit —__ 
Set the bit 2 to “0” when using CTS function, and to “1” when not use. 


@UARTI baud rate register 

*Dividing ratio 
Set the BRG dividing ratio between 0016 and FFie when an internal clock is selected for synchronous 
clock. 


@Port P8 direction register 
«Port direction selection bits = 
Set the corresponding bit to “O” when the CTS function is selected and an external clock is selected. 


@UARTI transmission interrupt control register 
eInterrupt priority level selection bits 
When using UARTIi transmission interrupt, set the priority level to the level 1 to 7. When not use, set 
to the level 0. 


@UARTI transmission buffer register 
-Transfer data 
Set a transfer data to the low-order byte of UARTi transmission buffer register. The transmission buffer 
empty flag of UARTi transmit/receive control register 1 is cleared to “O” at the same time. 


@UARTI transmit/receive control register 1 
eTransmit enable bit | 
Set the bit 0 to “1” to enable transmitting. 


Figure 2.10.11 shows the setting example of clock synchronous serial I/O related registers at trans- 
mitting. 
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UARTO transmit/receive mode register (address 3016) 
UART1 transmit/receive mode register (address 3816) 


Internal/External clock selection bit 
0 : Internal clock 
1: External clock 





Fix to “O”. 


UARTO transmit/receive control register 0 (address 3416) 
UART1 transmit/receive control register 0 (address 3C16) 


bO 





8G count source selection bit 
| | | 00 : fe selected 
01 : fi6 selected 
10 : fe4 selected 
11 : f512 selected 


CTSRTS function selection bit 
0 : CTS function selected 

1 : RTS function selected (CTS 
function disabled) 





UARTO baud rate register (address 3116) 
UART1 baud rate register (address 3916) 


———, 


Set a value between 0016 and FFi6. 





Necessary only to select internal clock. 


Corresponding to CTSo pi 


Corresponding to CLKo pin 


Corresponding to CTS: pin 
Corresponding to CLK1 pin 








UARTO transmission interrupt control register (address 7116) 
UART1 transmission interrupt control register (address 7316) 


b7 b0 


Interrupt priority level selection bits 
Set to level 1 to 7 when using 
interrupts. 





UARTO transmission buffer register (address 3216) 
VART1 transmission buffer register (address 3A16) 
b7 b0 


Pell Mceeih cole sea 
——_, 


Set a transmit data. 






UARTO transmit/receive control register 1 (address 3516) 
UART1 transmit/receive control register 1 (address 3D16) 


b7 b0 


Transmit enable bit 
0: Transmission disabled 
1: Transmission enabled 


Transmitting operations start. 


Transmitting operations start when the following conditions are satisfied : 

@ Transmission is enabled (the transmit enable bit is “1"). 

@ Transmit data is available in the UARTi transmission buffer register 
(the transmission buffer empty flag is “O”). 

@CTSipin input level is “L” (in case of selecting CTS function). 


Fig. 2.10.11 Setting example of clock synchronous serial I/O related registers at transmitting 
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[Transmit operation] 


The transmission of serial data starts when the following conditions are satisfied : 


@ Transmission is enabled (the transmit enable bit is “1”). 

@ Transmit data is available in the UARTi transmission buffer register (the transmission buffer empty 
flag is “O”). 

® CTSi pin input level is “L”. 
(Note: This condition is ignored if the CTS function is not selected.) 


When the above three (@ to @ ) conditions are satisfied (two (© and @ ) if CTS function is not selected), 
the following operations are performed automatically at the same time : 


@Transfer the contents of UARTi transmission buffer register to the UARTi transmission register. 
@Generate 8 shift clocks. 

@Set the transmission buffer empty flag to “1”. 

@Clear the transmission register empty flag to “0”. 

@UARTIi transmission interrupt request occurs and set the interrupt request bit to “1” . 


Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” for more infor- 
mation. 

The shift clock is input to the transmit control circuit through the CLKi pin. The data in the UARTi 
transmission register is transmitted bit by bit from the TxDi pin (starting at the low-order bit) at each 
falling edge of shift clock (LSB first). When the 1-byte data transmission is completed by the 8 shift 
clocks, the transmission register empty flag is set to “1”. Figure 2.10.12 shows the clock synchronous 
serial |/O transmit operation. 

The synchronous clock is generated continuously if the conditions for the next data are satisfied when 
the transmission completes. Therefore, to transmit data continuously, the next data must be written in 
the UARTi transmission buffer register while data is being transmitted (when the transmission register 
empty flag is “O”). If the conditions to transmit the next data are not satisfied, the synchronous clock 
halts at “H” level. 

Figure 2.10.13 shows the timing diagram of clock synchronous serial I/O at transmitting (internal clock 
is selected as synchronous clock, CTS function is selected). 
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UARTI transmission buffer register Transmit data 


UARTIi transmission register 
Shift clock 





Fig. 2.10.12 Clock synchronous Serial I/O transmit operation 


—o|—ba— 1/11 (n+t) X2 


Transmit 
clock 


Transmit 


enable bit ua» Seatg : Sen 
: 0 Write in UARTI transmission 


Transmission “1” buffer register. 
buffer empty A 


flag “O” UARTI transmission register 
uy ' < UARTI transmission buffer register 


—={—te— 1/ fi X(n+1)X2, y Stop because transmit enable bit is “O”. 


wir EXE MEXONEXENE_NEXEXEXENEXE NONE: eXOIENOXE NEN: 
i ee i ene si Ineaneeeenee ad 


me fi: Selected internal clock frequency 
Conditions : Internal clock is selected as sychronous clock. | TEND : Next transmit condition is checked when this signal becomes “H” level. 
CTS function is selected. (TEND is an internal signal and can not be observed externally.) 
nN: Value set in UARTi baud rate register 





Fig. 2.10.13 Clock synchronous serial 1/O timing diagram at transmitting (selecting internal clock) 
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(3) Serial data receive 
The data receive method in clock synchronous serial I/O mode is described below. 


[Setting the control registers] 
Set each serial I/O control register for receive. 


@UARTI transmit/receive mode register 
«Serial I/O mode selection bits 
Set the bits 2 to 0 to “001”. 


eInternal/External clock selection bit 
Set the bit 3 to “0” when an internal clock is selected, or “1” when an external clock is selected. 


*Setting the bit 7 to “0” (disable sleep mode) 


@UARTI transmit/receive control register 0 
*BRG count source selection bits 
Select the BRG count source with bits 0 and 1 when an internal clock is selected for synchronous 
Clock. 


*CTS/RTS function selection bit —__ 
Set the bit 2 to “1” when using RTS function, and to “0” when not use. 


@UARTI baud rate register 
¢Dividing ratio 
Set the BRG dividing ratio between 0016 and FFie when an internal clock is selected for synchronous 
Clock. 


@Port P8 direction register 
«Port direction selection bits 
Set the corresponding bit to “0” to the CLKi pin in case that an external clock is selected and RxDi 
pin is selected. 


@UARTI receive interrupt control register 
eInterrupt priority level selection bits 
When using UARTI receive interrupt, set the priority level to the level 1 to 7. When not use, set to the 
level 0. 


@UARTI transmission buffer register 
-Dummy data 
Set a dummy data to the low-order byte of UARTi transmission buffer register in order to activate a 
transmitter. The transmission buffer empty flag of UARTi transmit/receive control register 1 is cleared 
to “0” at the same time. 


@UARTI transmit/receive control register 1 
eTransmit enable bit | 
Set the bit 0 to “1” in order to enable transmitting. 


Receive enable bit 
Set the bit 2 to “1” in order to enable receiving. 


Figure 2.10.14 shows the setting example of clock synchronous serial I/O related registers at receiving. 
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UARTO transmit/receive mode register (address 3016) 
UART1 transmit/receive mode register (address 3816) 


Internal/External clock selection bit 
0: Internal clock 
1 : External clock 


Fix to “0”. 





UARTO transmit/receive control register 0 (address 3416) 
UART1 transmit/receive control register 0 (address 3C16) 
b7 bO 


BRG count source selection bits 
00 : f2 selected 

01 : f6 selected 

10 : f64 selected 

11: 512 selected 


CTYRTS function selection bit 

0 : CTS function selected (RTS 
function disabled) 

1 : RTS function selected 


UARTO baud rate register (address 3116) 
UART1 baud rate register (address 3916) 


Port P8 direction register (address 1416) 
b7 . bO 


Corresponding to CLKo pin: 
Corresponding to RxDo pin 


Corresponding to CLK1 pin 
Corresponding to RxD1 pin 








UARTO receive interrupt control register (address 7216) 
UART1 receive interrupt control register (address 7416) 
b7 bO 


Interrupt priority level selection bits 
Set to level 1 to 7 when using 
interrupts. 





a 
UARTO transmission buffer register (address 3216) 


pian 


UART1 wansmission buffer register (address 3A16) 
b7 bO 


SERRE ER 
aaa ew 


Set a dummy data. 






UARTO transmit/receive control register 1 (address 3516) 
UART1 transmit/receive control register 1 (address 3D16) 


b7 b0 


Transmit enable bit 


0 : Transmission disabled 
1 : Transmission enabled 


Receive enable bit 
0 : Receive disabled 
1 : Receive enabled 





Receiving operations start. 


Receiving operations start when the following conditions are satisfied : 

@Reception is enabled (the receive enable bit is “1”). 

@Transmission is enabled (the transmit enable bit is “1”). 

@Dummy data is available in the UARTI transmission buffer register 
(the transmission buffer empty flag is “O”). 


Fig. 2.10.14 Setting example of clock synchronous serial |/O related registers at receiving 
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[Receive operation] 
The reception of serial data starts when the following conditions are satisfied : 


@ Reception is enabled .(the receive enable bit is ais bat 

® Transmission is enabled (the transmit enable bit is “1"). 

@ Dummy data is available in the UARTi transmission buffer register (the transmission buffer empty 
flag is “O”). : 


Serial data receive is enabled by enabling transmission and setting the receive enable bit to “1”. When 
the receive enable bit is set to “1”, the RTSi pin becomes “L” level to indicate externally that the mi- 
crocomputer is ready to receive serial data (in case that RTS function is selected). The transmit and 
receive timing can be synchronized by connecting the RTSi output pin to the CTSi input pin on the 
transmit side. Figure 2.10.15 shows the connecting example of clock synchronous serial I/O. When RTS 
function is selected, if receiving operations start, RTSi pin level becomes “H”. 

When receiving operations start, the RxDi pin level is used to establish the most significant bit of the 
UARTIi receive register at the rising edge of the shift clock (the clock input to the CLKi pin when an 
external clock is selected), and the contents of the UARTi receive register are shifted by 1 bit to the 
right. This operation is repeated each time a rising edge is input. When 1-byte data is accumulated in 
the UARTi receive register after 8 shift clocks, the contents of UARTi receive register are transferred 
to the UARTi receive buffer register. At the same time, the receive completion flag is set to “1”. In case 
RTS function is selected, RTSi pin level becomes “L” at the same time. When the receive completion 
flag is set to “1”, UARTi receive interrupt request occurs and the interrupt request bit is set to “1”. 
Interrupts must be enabled before they can be used. Refer to. section “2.6 Interrupts” for more infor- 
mation. 

The receive completion flag is cleared to “0” when the UARTi receive buffer register is read. 

Figure 2.10.16 shows the clock synchronous serial I/O receive operation and Figure 2.10.17 shows the 
timing diagram at receiving (external clock is selected, RTS function is selected). 


Transmit side Receive side 





Fig. 2.10.15 Connecting example of clock synchronous serial 1/O 





142 





2.10 Serial I/O 









Shift clock 
aa | 





LSB 









UARTIi receive buffer register Receive data 


Fig. 2.10.16 Clock synchronous serial I/O receive operation 


Receive or 
enable bit “oO” 


Transmit , 


enable bit... ; 
“0 Write dummy data in UARTi 
transmission buffer register. 





Transmission “1" 


buffer empty 
flag “o" | UARTi transmission register 
oy el < UARTI transmission buffer register 
RTSi 
ike 
| 1/ Fi 
CLKi oO 


Establish the data. 


PxD = XoKe=KerXoaNX es XeKo_ Kee EXO. 


Read UARTI receive 
Receive | buffer register. 


completion flag “9” 


Conditions : External clock is selected as sychronous clock. Fi : External clock frequency 
RTS function is selected. 


Fig. 2.10.17 Clock synchronous Serial I/O timing diagram at receiving (selecting external clock) 
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[Precautions during clock synchronous serial I/O receive] 


1 


. With clock synchronous serial I/O, shift clocks are generated by operating a transmitter. Therefore, trans- 


mission operations (setting for transmission) must be performed even if only receive is necessary. Also 
note that dummy data is externally output from the TxDi pin (transmit pin) during receive. 


. In case that an internal clock is selected, a shift clock is generated when the transmit enable bit is set 


to “1” (transmit enabled) and a dummy data is set in the UARTIi transmission buffer register. 

In case that an external clock is selected, a shift clock is generated when the transmit enable bit is set 
to “1”, a dummy data is set in the UARTi transmission buffer register, and external clock is input to the 
CLKi pin. 


. When receiving data continuously, an overrun error occurs and bit 4 (overrun error flag) in the UARTIi 


transmit/receive control register 1 is set to “1” if the next receive data becomes available in the UARTIi 
receive register while the receive completion flag is “1” (before reading the contents of the UARTi receive 
buffer register). In this case, the UARTIi receive buffer register contains the next data. Therefore, the 
transmit and receive programs must make arrangements to re-transmit the previous data when an overrun 
error occurs. 


The_ interrupt request bit is not set to “1” when an overrun error occurs. 


. When continuously receiving data, a dummy data must be set in the low-order byte of the UARTI trans- 


mission buffer register as each receive. 
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2.10.4 Clock asynchronous serial I/O (UART) 
Table 2.10.5 shows the serial I/O performance overview in UART mode. 


Table 2.10.5 UART performance overview 


Parameter Function 

Data format [Start bit sd it 
7 bits, 8 bits, or 9 bits 
0 bit or 1 bit (Odd or even can be selected.) 
[Stop bit id iit or 2 bits 

Baud rate BRG output divided by 16 
External clock 125Kbps maximum (f(Xin)=8MHz) 
no 250Kbps maximum (f(Xin)=16MHZz) 

312.5Kbps maximum (f(Xin)=25MHz) 
Error detection 4 types (overrun, parity, framing, error sum) 


(Error sum can be used to check existence of error.) 


In UART mode, the baud rate™' and the transfer data format must be set beforehand. The setting of the 
baud rate and the transfer format are described below. 


Baud rate*' : Frequency of the clock used for transmission and receive. 


(1) Baud rate | 
The serial data transfer rate is determined by the baud rate. The baud rate is set by the UARTi baud 
rate register. The BRG is a frequency divider that has an 8-bit structure. The BRG input clock can be 
either an internal clock or an external clock input to the CLKi pin with the internal/external clock selection 
bit. 
When an internal clock is selected, 1/2, 1/16, 1/64, or 1/512 of the f(Xin) is selected with the BRG 
count source selection bits. When an external clock is selected, the clock input to the CLKi pin is input 
to the BRG. 
The clock input to BRG is divided by (n+1) and then by 16 to obtain the baud rate. 
Table 2.10.6 shows the baud rate selection table. 
If the required baud rate is B (bps), use the following equation to determine the value “n” set in the 
UARTi baud rate register. 


“n” = Fi/(16XB) — 1 “B”=the required baud rate, 
“Fi’=the clock frequency input to the BRG 
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Table 2.10.6 Baud rate selection table (1) 
Baud rate (bps) 


f(Xin)=8MHz 


f(Xin)=16MHz 


Rated | Actual | off | CE n* 
7 | 75.12 | tee | 12 (OC) | foe 25 (1916) 
110 | 110.04 | tee | 70 (46 te) | fee 141 (8Di6) 
1345 | 134.70 | fe | 57 (391) | fos 115 (7316 
150 | 150.24 | tee | 51 (83) | Stews | 108 (67 
300 | 300.48 | tee | 5 (19) | ow 51 (33) 
600 | 600.96 =| tee | 12 (OC) | fee 25 (1936) 
1200 | 120192 | tte | 5 (199) | tt 51 (3316) 
2400 | 2403.85 | fe =| 12 (OCs) | tts 25 (1919) 
4s00 | 480769 | ft | 51 (83%) | te 103 (6716 
9600 | 9615.39 | fe | 25 (196) | fe | 84 (8318 
19200 | 1920077 [| fe | 12 (Cw —S«d| ste «| ~SSC«8 (19 
a1250_ | 3125000 | f |  7(07%) |  f | 15 (FW 
62500 | 6250000 | & | 3 (03%) «| if (| 7 (07) 
125000 | 125000.00 | fe | 1 (Ot) =| te 3 (03:6) 
250000 | 25000000 | f& |  0(00 |  f | 1 (0tw 
500000 | 500000.00 | fe | OY 0 (00%6) 
n* : UARTi baud rate register value 
Table 2.10.6 Baud rate selection table (2) 

Baud rate {(Xn)=25MHz 
(bps) | fi | | Actual (bps) | off | m® |_Actuall (bps) 
150 | fm» | 129(81m | 15024 | f | 162(A2) | 149.78 
300 | fos | 64 (400) =| 300.48 | foe =| 80 (55x) | 301.41 
600 | fre =~ | 129 (811) | 600.96 ~— || fre ~— | 162 (AZ) | 699.12 
1200 | fe | 64 (4010) | 1201.92 | tte =| 80 (551) | 1205.63 
2400 | ite =| 32 (20) | 2367.42 | tte | 40 (2815) | 2381.86 
4g00_ | fe =| 129 (81%) | 4807.69 =| fe | 162 (AZ) | 4792.94 
9600 | fe | 64 (40) | 9615.38 | tek |= 80 (551) | 9645.06 
19200, | fe | 32 (20%) | 1893939 | fe | 40 (2819) | 19054.88 
sizs0_ | fe | 19(19 | 3125000 | f | 24 (18%) | _ 31250.00 


n* : UARTi baud rate register value 
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(2) Transfer format 
The format of the transfer data is set with the UARTi transmit/receive mode register. 
Data can be transferred in the following format shown by Figure 2.10.18. 
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9-bit UART mode 1ST 9DATA 
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Fig. 2.10.18 Data format for transfer 
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Figure 2.10.19 shows the data format for example and Table 2.10.7 shows the transmission data in 
UART mode. 


Example of | 8-bit UART mode BDATA 1PAR 


-> Time 


<—_______ Transmission data = 


The next transmission data 


Sbedats (during continuous output) 


: st [iss] [| Imss[rar] sP [st] 





Fig. 2.10.19 Data format example 


Table 2.10.7 Transmission data in UART mode 


Item Function 
ST This bit indicates the start of data transmission. A 1-bit “L” signal is appended in front 
(Start bit) of the transmission data. 
DATA This is the transmission data written in the UARTi transmission buffer register. 
(Character) | | | 
SP This bit appends after the data (or after the parity bit if it is included) to indicate the end 
(Stop bit) of transmission. A 1 or 2-bit “H” signal is output as a stop bit. 
PAR This bit appends to the end of data to improve the reliability of data. This bit is appended 
(Parity bit) by the contents of the odd/even parity selection bit so that the number of is in the data 


including the parity bit is always even or odd. 
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(3) Serial data transmission 
The data transmission method in UART mode is described below. 


[Setting the control registers] 
Set each serial !/O control register for transmission. 


@UARTI transmit/receive mode register 
«Serial I/O mode selection bits 
Select the data length with the bits 0 to 2. 


Table 2.10.8 Setting of UART mode 
b2|b1|b0| Serial 1/O mode selection bits 
1 | 0 | 0 |7-bit UART mode 


1 | 0] 1 |8-bit UART mode 


1 | 11.0 |9-bit UART mode 


¢Transfer format 
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled. 


eInternal/External clock selection bit 
Set the hit 3 to “O” when an internal clock is selected. or “1” when an external clock is selected as 
the BRG count source. 


*Sleep function selection bit 
Set the bit 7 to “1” when enable the sleep function, and to “0” when disable it. 
(Refer to “2.10.5 Sleep mode” for details of sleep mode.) 


@UARTI transmit/receive control register 0 
*-BRG count source selection bits 
Select the BRG count source with bits 0 and 1 when an internal clock is selected for BRG input clock. 


‘CTS/RTS function selection bit —__ 
Set the bit 2 to “0” when using CTS function, and to “1” when not use. 


@UARTI baud rate register 
«Dividing ratio 
Set the baud rate register value between 0016 and FFie to determine the baud rate. 


@Port P& direction register 
«Port direction selection bits ae 
Set the corresponding bit to “O” when the CTS function is selected and an external clock is selected. 


@UARTIi transmission interrupt control register 
eInterrupt priority level selection bits | 
When using UARTi transmission interrupt, set the priority level to the level 1 to 7. When not use, set 
to the level 0. 


@UARTI transmission buffer register 
Transmission data 
Set a transmission data to the UARTi transmission buffer register. The transmission buffer empty flag 
of UARTIi transmit/receive control register 1 is cleared to “0” at the same time. 


@UARTI transmit/receive control register 1 
¢Transmit enable bit 
Set the bit 0 to “1” to enable transmitting. 
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Figure 2.10.20 shows the setting example of UART related registers at transmitting. 


UARTO transmit/receive mode register (address 3016) 
UART1 transmit/receive mode register (address 3816) 


b7 bd 
ee eee 
Ei 


Serial VO mode selection bits 
100 : 7-bit UART 
101 : 8-bit UART 
110 : 9-bit UART 


Internal/External clock selection bit 
0 : Internal clock 
1 : External clock 


Stop bit length selection bit 
0 : One stop bit 
1 : Two stop bits 


Odd/Even parity selection bit 
0 : Odd parity © 
1: Even parity 


Parity enable bit 
0 : Parity disabled 
1: Parity enabled 


Sleep function selection bit 
0 : Sleep function disabled 
1: Sleep function enabled 


UARTO transmit/receive control register 0 (address 3416) 
UART1 transmit/receive control register 0 (address 3C16) 
b7 b0 


BRG count source selection bits 
00 : f2 selected 

01 : fi6 selected 

10 : f64 selected 

11 : f§12 selected 


CT&ATS function selection bit 

0: CTS function selected __ 

1: RTS function selected (CTS 
function disabled) 


UARTO baud rate register (address 3116) 
UART1 baud rate register (address 3916) 





fFezeeeeeeeneee eg 
| 


Port P8 direction register (address 1416) 


b7 bo 
_ | foto} | fojo| 


Corresponding to CTSo pin 
Corresponding to CLKo pin 


Corresponding to CTSi pin 
Corresponding to CLK1 pin 


UARTO transmission interrupt control register (address 7116) 
UART1 transmission interrupt control register (address 7316) 
b7 bO 


mn Interrupt priority level selection bits 


Sat to level 1 to 7 when using 
interrupts, 


UARTO transmission buffer register (address 3216, 3316) 
UART?1 transmission buffer register (address 3A16, 3B16) 


| a b7 bd 
: ——_——’ 


Set a transmit data. 





UARTO transmit/receive control register 1 (address 3516) 
UART1 transmit/receive control register 1 (address 3D16) 


b7 bO 


enable bit 


0 : Transmission disabled 
1: Transmission enabled 





Transmitting operations start when the following conditions are satisfied : 

@Transmission is enabled (the transmit enable bit is “1”). 

@Transmit data is available in the UARTI transmission buffer register 
(the transmission buffer empty flag is “0”). 

@CTSi pin input level is “L” (in case of selecting CTS function). 


Fig. 2.10.20 Setting example of UART related registers at transmitting 
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[Transmit operation] 
The only difference between 7-bit UART, 8-bit UART, and 9-bit UART is the length of the transferred 
data. The low-order byte of the UARTIi transmission buffer register is used for 7-bit and 8-bit UART. The 
low-order byte and bit 0 of the high-order byte is used for 9-bit UART. 
The transmission of serial data starts when the following conditions are satisfied : 


@ Transmission is enabled (the transmit enable bit is “1”). 

® Transmit data is available in the UARTi transmission buffer register (the transmission buffer empty 
flag is “O”). 

® CTSi pin input level is “L”. 
(Note: This condition is ignored if the CTS function is not selected.) 


When the above three ( © to @ ) conditions are satisfied (two ( © and ® ) if CTS function is not se- 
lected), the following operations are performed automatically at the same time : 


@Transfer the contents of UARTi transmission buffer register to the UARTi transmission register. 
@Set the transmission buffer empty flag to “1”. 

@Clear the transmission register empty flag to “O”. 

@UARTi transmission interrupt request occurs and set the interrupt request bit to “1”. 


Interrupts must be enabled before they can be used. Refer to section “2.6 Interrupts” for more infor- 

mation. 

Data transmission starts from the TxDi pin when the data is transferred to the UARTIi transmission 

register. When transmission starts, data is output from the TxDi pin in the format specified by the UARTIi 

transmit/receive mode register. The data is output bit by bit in the order; 
ST—DATA(LSB)-—>...—DATA(MSB)—»PAR->SP. 


After the stop bit has been output, the transmission register empty flag is set to “1” to indicate that the 
transmission has completed. If the next data is available when transmission completes, a start bit is 
generated following the stop bit and the next data is transferred. In order to continuously transfer data, 
the next transmission data must be set in the UARTi transmission buffer register during transmitting 
operations (when the transmission register empty flag is “O”). If the transmit conditions for the next data 
is not satisfied, “H” level is output from the TxDi pin. 

Figure 2.10.21 shows the timing diagram of 8-bit UART at transmitting (with parity bit, 1 stop bit and 
CTS function). Figure 2.10.22 shows the timing diagram of 9-bit UART at transmitting (with 2 stop bits, 
no parity bit and no CTS function). 
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—>|—f— (1/f or 1/fext) x (n+1) x 16 


Transmit 
clock 


Transmit “1” 


nee O: Write in UARTi transmission 
Transmission “4* buffer register. 
buffer empty 
ae UARTI transmission register 
as «- UARTI transmission buffer register 


“” 


TENDi 


Start bit Parity Stop Stop because the transmit 
bit bit ‘Yenablie bit Is “O". 


TxD st {KEKE KEKEKENOKEK EYE STAONOKEKEXEXEOXEK EVE? \s1 LOX) 


Transmission 4" 
register | | | | 
empty flag “O" 
Conditions : with parity bit fi : Selected internal clock frequency 
with 1 stop bit fExT : Selected external clock frequency 
CTS function is selected | TENDi : Next transmit condition is checked when this signal becomes “H"” level. 


(TEND is an internal signal and cannot be observed externally.) 
n: Value set in UARTi baud rate register 





Fig. 2.10.21 8-bit UART timing diagram at transmitting (with parity and 1 stop bit) 


—o|—lbe— (1/f. or 1/fext) x (n+1) x 16 


Transmit 
clock 


Transmit : 


enable bit «9: Write in UARTI transmission 


Transmission “1: buffer register. 


buffer omey 
*“o" 
a9 UARTI transmission register 


« UARTI transmission buffer register 
TEND 


: Stop Stop Stop because the 
Start bit bit bi transmit enable bit is °0", 


TaD ——\ ss XE NEXEKENE KENNER SA gs BME XOMEKEX NONE OYE? 5 \st A0rXOIKOs 


Transmission “1’ 
register | | | | | 
empty flag ‘o” 
Conditions : without parity bit ti : Selected internal clock frequency 
with 2 stop bits fExT : Selected external clock frequency 
CTS function is disabled. TEND: : Next transmit condition is checked when this signal becomes “H” level. 


(TENDi is an internal signal and cannot be observed externally.) 
n: Value set in UARTi baud rate register 





Fig. 2.10.22 9-bit UART timing diagram at transmitting (no parity and 2 stop bits) 
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(4) Serlal data receive 
The data receive method in UART mode is described below. 


[Setting the control registers] 
Set each serial !/O control register for receive. 


@UART! transmit/recelve mode register 


*Serial I/O mode selection bits 
Select the data length with the bits 0 to 2. 


Table 2.10.9 Setting of UART mode 


b2|b1| b0| Serial I/O selection bits 
1 | 01.0 |7-bit UART mode 


1 | 0 | 1 |8-bit UART mode 


1 {1 {0 [9-bit UART mode 


°Transfer format 
Select stop bit length, parity enable/disable, and odd/even parity if parity is enabled. 


-intérnai/ecxtermal clock selection bit 
Set the bit 3 to “O” when an internal clock is selected, or “1” when an external clock is selected as 
the BRG coun bs source. 


«Sleep function selection bit 


Set the bit 7 to “1” when enable the sleep function, and to “O” when disable it. 
(Refer to “2.10.5 Sleep mode” for details of sleep mode.) 


@UARTI transmit/receive control register 0 
°-BRG count source selection bits 


Select the BRG count source with bits 0 and 1 when an internal clock is selected for BRG input clock. 


*CTS/RTS function selection bit —__ 
Set the bit 2 to “1” when using RTS function, and to “0” when not use. 


@UARTi baud rate register 
*Dividing ratio 


Set the baud rate register value between 0016 and FFie to determine the baud rate. 


@Port P& direction register 
ePort direction selection bits 


Set the corresponding bit to “0” to the CLKi pin when an external clock and the RxDi pin is selected. 


@UARTI receive interrupt control register 
‘Interrupt priority level selection bits 


When using UARTi receive interrupt, set the priority level to the level 1 to 7. When not use, set to the 
level 0. 


@UARTI transmit/receive control register 1 
eReceive enable bit 
Set the bit 2 to “1” to enable receiving. 


Figure 2.10.23 shows the setting example of UART related registers at receiving. 
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UARTO transmit/receive mode register (address 3016) 
UART1 transmit/receive mode register (address 3816) 


b7 bo 
Ce Te Ee 
ai ae 


Serial /O mode selection bits 
100 : 7-bit UART 
101 : 8-bit UART 
110 : 9-bit UART 


internalV/External clock selection bit 
0 : Internal clock 
1: External clock 


Stop bit length selection bit 
0 : One stop bit 
1: Two stop bits 


Odd/Even parity selection bit 
0 : Odd parity 
1: Even parity 


Parity enable bit 
0 : Parity disabled 
1: Parity enabled 


Sleep function selection bit 
0 : Sleep function disabled 
1: Sleep function enabled 


Match the format with transmitting side. 
a 
8 


UARTO transmit/receive control register 0 (address 3416) 
UART ‘1 transmit/receive control register 0 (address 3C16) 
b7 b0 


BRG count source selection bits 
00 : f2 selected 

01 : f16 selected 

10 : f64 selected 

11: f§12 selected 


CTS/RTS function selection bit 

0 : CTS function selected (RTS 
function disabled) 

1: RTS function selected 


UARTO baud rate register (address 3116) 
UART1 baud rate register (address 3916) 


Set a value between 0016 and FF16. 


t 
a 
a 
eee eeee rere 2 








Port P8 direction register (address 1416) 






Corresponding to CLKo pin 
Corresponding to RxDo pin 


Corresponding to CLKi pin 
‘Corresponding to RxD1 pin } 





UARTO receive interrupt control register (address 7216) 
UART‘1 receive interrupt control register (address 7416) 
—b7 bo 


Interrupt priority level selection bits 
Set to level 1 to 7 when using 
interrupts. 


UARTO transmit/receive contro! register 1 (address 3516) 
UART1 transmit/receive control register 1 (address 3D16) 


Receive enable bit 
0 : Receive disabled 
1 : Receive enabled 





Receiving operations start. 


Receiving operations start when the following conditions are satisfied : 
@Reception is enabled (the receive enabie bit is “1”). 
@Detect the start bit. 


Fig. 2.10.23 Setting example of UART related registers at receiving 
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[Receive operation] 
The reception of serial data starts when the following conditions are satisfied : 


@® Reception is enabled (the receive enable bit is “1”). 
@ Detect the start bit. 


Serial data receive is enabled by setting the receive enable bit to “1”. When the receive enabie bit 
is set to “1”, the RTSi pin becomes “L” level to indicate externally that the microcomputer is ready 
to receive serial data (in case that RTS function is selected). The transmit and receive timing can 
be synchronized by connecting the RTSi output pin to the CTSi input pin on the transmit side. Figure 
2.10.24 shows the connecting example of UART. 

When the RxDi pin detects a start bit, a receive clock is generated and data receive starts. At the 
same time, the RTSi pin returns to “H” level if RTS function is selected. The RxDi pin level is used 
to establish the most significant bit of the UARTi receive register at the rising edge of the receive 
clock and the contents of UARTi receive register are shifted by 1 bit to the right. This operation is 
repeated to receive the entire data from ST to SP. Then the contents of UARTi receive register are 
transferred to the UARTIi receive buffer register. At the same time, the receive completion flag is set 
to “1”. When the receive completion flag is set to “1” by detecting SP, the UARTi receive interrupt 
request occurs and the interrupt request bit is set to “1”. In case RTS function is selected, RTSi pin 
level becomes “L” at the same time. Interrupts must be enabled before they can be used. Refer to 
section “2.6 Interrupts” for more information. The receive completion flag is cleared to “0” when the 
UARTI receive buifer register is read. 

Figure 2.10.25 shows the timing diagram of 8-bit UART at receive (no parity bit, with 1 stop bit and 
RTS function). 

When receiving data continuously, an overrun error occurs and the bit 4 (overrun error flag) in the 
UARTI transmit/receive control register 1 is set to “1” if the next receive data becomes available in 
the UARTi receive register while the receive completion flag is “1” (before reading the contents of 
the UARTi receive buffer register). In this case, the next data is written in the UARTi receive buffer 
register. Therefore, if an overrun error occurs, the transmit and receive programs must make ar- 
rangements to re-transmit the previous data. The interrupt request bit is not set to “1” when an 
overrun error occurs. 


Transmit side Receive side 





Fig. 2.10.24 Connecting example of UART 
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Selected 
internal clock 
TTT TTT 
extemal clock ; . 
enable bit wp» 


Feds \ > oY ses 


Stop bit 


Check for “L” level. Establish the data. 
Receive clock | ‘ ~ 


Start at the falling edge of start bit. 


Receive .. » 
completion 
flag “L” 


Conditions : without parity bit 
with 1 stop bit 
RTS function is selected. 





Fig. 2.10.25 8-bit UART timing diagram at receiving (no parity and 1 stop bit) 


[Error flag] 
During UART mode operation, transfer data errors can be detected using four error flags. These errors 
are detected when transferring data from the UARTi receive register to the UARTi receive buffer 
register. The error‘flags set to “1” are cleared to “O” when the low-order byte of the UARTi receive buffer 
register is read or when the receive enable bit is set to “0”. 


@Overrun error 
An overrun error occurs and the overrun error flag is set to “1” when the next receive data becomes 
available in the UARTi receive register and transferred to the UARTi receive buffer register while the 
receive completion flag is “1” (data exists in UARTi receive buffer register), that is to say, the next 
receive data becomes available before the contents of the UARTi receive buffer register are read. 


@Framing error 
A framing error occurs and the framing error flag is set to “1” when there is insufficient number of stop 
bits. 


@Parity error | 
A parity error occurs and the parity error flag is set to “1” when parity checking is enabled and the 
number of 1s in the data including the parity bit conflicts with the parity specified by the odd/even 
parity selection bit. 


@Sum error | 
The error sum flag is set to “1” when either an overrun error, a framing error, or a parity error occurs. 
The existence of errors can be determined by checking only the error sum flag. 
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2.10.5 Sleep mode 

Sleep mode is used for communication between certain microcomputers when multiple microcomputers are 
connected through serial 1/0. _ 

Sleep mode is entered by setting the UARTIi transmit/receive mode register bit 7 to “i”. In sleep mode, the 
contents of UARTIi receive register are not transferred to the UARTi receive buffer register when the most 
significant bit (MSB: bit 8 if 9-bit UART mode, bit 7 if 8-bit UART mode, and bit 6 if 7-bit UART mode) of 
the received data is “0”. !n this case, the receive completion flag and the error flags remain unchanged and 
no receive interrupt request occurs. Normal receive operation is performed only when the most significant 
bit of the received data is “1”. 

The following is a description of sleep mode usage in 8-bit UART mode. The main microcomputer first 
transmits a data with bit 7 set to “1” and the remaining bits 0 to 6 forming the address of the destination 
microcomputer. Then all subordinate microcomputers receive the same data. Each subordinate microcom- 
puter checks the received data and sets the sleep function selection bit to “0” if the address matches its 
own address and to “1” if otherwise. Next the main microcomputer starts transmitting data with bit 7 set 
to “0”. Then only the microcomputer with the sleep function selection bit set to “0” will receive this data. 
This enables communication between the main microcomputer and a specific subordinate microcomputer. 
Figure 2.10.26 shows the sleep mode. 


The main microcomputer can 
communicate only a specific 
microcomputer of multiple 
suboridinate microcomputers 
connected through serial I/O 
by specifying the destination 
microcomputer. 











microcomputer microcomputer 
A B 


microcomputer 
D 





Fig. 2.10.26 Sleep mode 
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2.11 A-D converter | 

The M37732 group has a built-in 8-bit A-D converter that performs successive approximation to convert 
analog values input from pins ANo—AN7 to digital values. 

The A-D converter provides four selectable conversion modes. 


2.11.1 A-D converter overview 
Table 2.11.1 shows the performance overview of the A-D converter. 


Table 2.11.1 A-D converter performance overview 


Parameter Description 
Analog input pin | 8 pins (ANo—AN7 
One-shot mode 
Repeat mode 
Single sweep mode 
Repeat sweep mode 
A-D conversion method | Successive approximation 
Resolution 8 bits 
Absolute accuracy +3LSB 
57¢ao cycles gao : A-D converter operating clock 
for 1 analog input pin 


A-D conversion mode 


Conversion speed 


The A-D converter provides the following four conversion modes. 


@One-shot mode.............. The input voltage to one selected analog input pin is converted. After conver- 
sion, the result is stored in the corresponding A-D register and an A-D con- 
version interrupt request occurs. 


@Repeat mode................. The input voltage to one selected analog input pin is repeatedly converted. 
The result is stored in the corresponding A-D register each time the conver- 
sion completes, but no A-D conversion interrupt request occurs. 


@Single sweep mode....... The analog input pins to be converted can be selected with the A-D sweep pin 
selection register. The selected pins are converted in the order ANo, ANi,... and 
an A-D conversion interrupt request occurs when the last pin is converted. 

_The result is stored in the corresponding A-D register when each pin is con- 
verted. 


@Repeat sweep mode....... This is similar to single sweep mode except that Conversion is repeated in 
order from the ANo pin without an A-D conversion interrupt request after con- 
verting the last pin. 
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2.11.2 Block description 


Figure 2.11.1 shows the block diagram of the A-D converter. The A-D converter related registers are 
described below. 








VREF O 
Ladder Vref 
resistance 
AVss © 
Successive approximation Sasa 
beset A-D control register ae 
= 
A-D register 1 (address 2216) ; h 
A-D register 2 (address 2416) yH+ 
A-D register 3 (address 2616) a tee 
A-D register 4 {address 2816 Biee Decoder 
A-D register 5 (address 2Are) [4 
A-D register 6 (address 2C 16) 
A-D register 7 (address 2E 16) = Comparator 
. ANoQ 

AN1 © 

AN2 © 

ANs © 

ANs OC 

ANs © 

ANe © 





AN7/ADtrRe © 


Selector 


Fig. 2.11.1 A-D converter biock diagram 
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(1) A-D control register 
The A-D control register (address 1E:16) consists of bits that control the A-D converter. Figure 2.11.2 
shows the structure of the A-D control register followed by description of each bit. 


b2 bt 


| b4 


Analog input selection bits 
000 : ANo pin selected 

001 : AN: pin selected 

010 : ANz pin selected 

011 : ANs pin selected 

100 : ANs pin selected 

101 : ANs pin selected 

110 : ANe pin selected 

111 : AN7 pin selected (Note) 


A-D conversion mode selection bits 
00 : One-shot mode 

01 : Repeat mode 

10 : Single sweep mode 

11 : Repeat sweep mode 


Trigger selection bit 
0 : Software trigger (internal trigger) 
1 : ADtrc input trigger (external trigger) 


A-D conversion start flag 
0 : Stop A-D conversion 
1 : Start A-D conversion 


A-D conversion frequency (dao) selection flag 
O : External clock input frequency divided by 8 (fs) 
1 : External clock input frequency divided by 4 (fa) 





Note: AN7 pin (port P77) functions as ADtrac input pin when an external trigger is selected. 
Bits 0 to 2 are undefined at reset. 
Bits 3 to 7 are cleared to “0” at reset. 


Fig. 2.11.2 A-D control register structure 
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@Analog input selection bits (bits 0 to 2) Table 2.11.2 Relationship between analog input selection 
The analog input selection bits are used to select bits and analog input pins 
one analog input pin in one-shot mode and re- | b1 | bO | Analog input pin 
peat mode. Table 2.11.2 shows the relationship [0 | 0 | ANo pin selected 
between the analog input selection bits and [Oo | 1 | AN: pin selected 
analog input pins. The selected analog input ANz pin selected 
pin remains unchanged when the mode is - 4 | 1. [ ANs pin selected SS 
switched between one-shot mode and repeat | 0 |0 | ANa pin selected 
mode. These bits are ignored in single sweep ro | 1. | ANs pin selected 
mode and repeat sweep mode. If an external T~71 | 0 | ANe pin selected 


trigger is selected with the trigger selection bit T 4 | 14 | AN? pin selected 
(described later), port P77 functions as ADtaa 


pin and cannot be used as AW7 pin. 
Pins not selected as analog input pin can be 
used as normal |/O ports. 


a}a4/4//olojolo/S 





@A-D conversion mode selection bits (bits 3, 4) 
The A-D conversion mode selection bits are used to select one of the four available conversion modes. 
Table 2.11.3 shows the relationship between the A-D conversion mode selection bits and the conver- 
sion modes. 


Table 2.11.3 Relationshin between 4-D conversio: 
selection bits and conversion modes 
A-D conversion mode 
One-shot mode 


| b3 
o | o | 
0 | 1 | Repeat mode 
1 {| 0 
ee 


mode 


oR 


4 


ingle sweep mode 
Repeat sweep mode 


@Trigger selection bit (bit 5) 
The trigger selection bit is used to select the trigger occurrence factor which start an A-D conversion 
operation. An internal trigger or an external trigger is available for the trigger. An internal trigger 
(software trigger) is selected when this bit is “O” and an external trigger (input signal to ADrac pin) is 
selected when this bit is “1”. 





<internal trigger> 
A trigger is occurred and A-D conversion starts when the A-D conversion start flag (described later) 
is set to “1”. 


<External trigger> 
A trigger is occurred when the level of the input signal to the ADtra pin changes from “H” to “L” (falling 
edge) while the A-D conversion start flag is “1”. When an external trigger is selected, a retrigger is 
available during A-D conversion. In this cases, the conversion is restarted from the beginning. 
The ADrre pin is shared with the AN7 pin (port P77). Therefore, the AN7 pin cannot be used as the 
analog input pin when an external trigger is selected. 
When an external trigger is selected in each A-D conversion mode, the port P7 direction register bit 
7 must.be set to “0” (input mode). 
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@A-D conversion start flag (bit 6) 
The A-D conversion start flag is used to start or stop A-D conversion. 


<internal trigger> 
An internal trigger is occurred and A-D conversion starts when the A-D conversion start flag is set to 
“1”. A-D conversion stops when it is cleared to “0”. This bit is automatically cleared to “0” after A-D 
conversion in one-shot mode and single sweep mode. It is not cleared in other modes and conversion 
continues until it is cleared to “0”. 


<External trigger> 
The A-D conversion start flag must be set to “1” before the falling edge is input to the ADrtnrc pin. If 
an external trigger is selected, this flag is retained “1” after conversion. 


@A-D conversion frequency selection flag (bit 7) 
This flag is used to select the A-D converter operating clock (gan). When this flag is “0”, the external 
clock input frequency f(Xin) divided by 8 is selected. When this flag is “1”, the external clock input 
frequency f(Xin) divided by 4 is selected. 
In one-shot mode and repeat mode, A-D conversion completes after 57 X gap cycles from the be- 
ginning of A-D conversion. In single sweep and repeat sweep mode, one A-D conversion completes 
after 57 X number of selected pins X gao cycles from the beginning of A-D conversion. 
The A-D converter operating clock gan during A-D conversion must be no less than 250kHz because 
the comparator in the A-D conversion circuit Consists of capacity coupling amplifiers. 
Table 2.11.4 shows the relationship between the A-D conversion frequency selection flag and the A- 
D converter operating clock and conversion time. 


Table 2.11.4 Relationship between A-D conversion frequency 
selection flag and A-D converter operating clock 
and conversion time 


A-D conversion frequency selection flag Ee 
A-D converter operating clock gao= 400) paD= AM) 
Conversion time | f(Xin)=8MHz 28.5 us 
(Note) | f(Xin)=16MHz 28.5 ws 14.25 ps 
{(Xin)=25MHz | 18.24 ps 9.12 ps 


Note: Conversion time per one analog input pin. 
F(Xin): External clock input frequency 
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(2) A-D sweep pin selection register 

The A-D sweep pin selection register (address 1F1e) is used to select the analog input pins in single 
sweep mode and repeat sweep mode. Figure 2.11.3 shows the structure of the A-D sweep pin 
selection register. 

The number of analog input pins can be selected among either 2, 4, 6, or 8 pins with bits 0 and 1 
(A-D sweep pin selection bits). Table 2.11.5 shows the relationship between the A-D sweep pin 
selection bits and the number of the anaiog input pins. Pins ANo—AN7 (8 pins) are selected for analog 
input pins because the A-D sweep pin selection bits are set to “11” at reset. 

Te @ailidio’d aye esta fii Oe wile SC} OeIOTS OC ino je iqae “tale A-L) OTIVe ion Ff | 


Pins not selected as analog input pin can be used as normal I/O ports. 


Table 2.11.5 Relationship between A-D sweep pin selec- 
tion bits and number of analog Input pins 


| bO | A-D sweep pin selection bits 
0 {| 0 | ANo, AN: (2 pins) 
0 | 1. | ANc-ANs (4 pins) 
1 | O | ANo~ANs (6 pins 
1 | 1 | ANo-AN7z (8 pins) 


A-D sweep pin selection register (address 1Fic) 


A-D sweep pin selection bits 
00 : ANo, AN: (2 pins) 
01 : ANo—ANs (4 pins) 
10 : ANo-ANs (6 pins) 
11 : ANo—AN7 (8 pins) 


Note: Bits 2 to 7 are undefined at reading. 
Bits 0 and 1 are set to “1” at reset and pins ANo—AN7 (8 pins) are selected for analog input pins. 





Fig. 2.11.3 A-D sweep pin selection register structure 
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(3) A-D register | (i=0 to 7) | 

The A-D register i (addresses 2016 to 2E1e) are 8-bit read-only registers. The conversion results 
(contents of successive approximation register) are stored in these registers. A-D register i corre- 
sponds to each analog input pin. The contents of the A-D register i can be read during A-D conversion. 
However, if the A-D register i corresponding to the analog input being converted is read, the conversion 
result completed before reading is obtained. 

Table 2.11.6 shows the relationship between the analog input pin and A-D register i and Figure 2.11.4 
shows the structure of A-D register i. | | | 


Table 2.11.6 Relationship between analog input pin and A-D register | 

















Analog input _pin Address 
ANo pin 2016 
AN: pin 2216 
ANz pin A-D register 2 2416 
ANs pin | A-D register3 2616 
ANs pin A-D register 4 2816 
ANs pin A-D register 5 2Ai6 
ANe pin A-D register 6 2Ci6 
AN7 pin A-D register 7 2E16 





b3  b2 bi 
A-D register I (i=0 to 7) 


A-D conversion result 


Note: This register is undefined at reset. 





Fig. 2.11.4 A-D register | structure 


(4) Comparator and successive approximation register 

The compare reference voltage Vret and analog input voltage Vin are compared for bits 7 to 0 of successive 
approximation register and the result is set in each bit. Comparison starts from bit 7 and the contents 
of this register (conversion result) are transferred to the A-D register i after comparing bit 0. The 
contents of the successive approximation register change according to the comparison result of each 
bit. Therefore, the compare reference voltage Vret also changes according to the contents of the suc- 
cessive approximation register. The analog input voltage Vin is selected by the decoder (refer to section 
“2.11.3 Successive approximation conversion’). 
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(5) A-D conversion interrupt control register 
The A-D conversion interrupt control register (address 7016) consists of interrupt priority level selection 
bits and interrupt request bit. Figure 2.11.5 shows the structure of the A-D conversion interrupt contro! 
register followed by description of each bit. Use the SEB and CLB instructions when setting the A- 
D conversion interrupt control register. Refer to section “2.6 Interrupts” for more information concern- 
ing interrupts. 


b2 bi 


A-D conversion interrupt control register (address 7016) 


Interrupt priority level selection bits 
000 : Level 0 (interrupt disabled) 
001 : Level 1 Low 
010 : Level 2 
011 : Level 3 

: Level 4 Priority 

: Level 5 


: \ 
0 : Leve! 6 Y 


: Level 7 High 


Interrupt request bit 
0 : No interrupt request 
1: Interrupt request 


Note: Bits 4 to 7 are undefined at reading. 
Bits 0 to 3 are cleared to “0” at reset. 
Use the SEB and CLB instructions when setting the A-D conversion interrupt control regis- 
ter. 





Fig. 2.11.5 A-D conversion interrupt contro! register structure 


@interrupt priority level selection bits (bits 0 to 2) 
These bits are used to select the interrupt priority level. They should be set to a level between 1and 
7 when using an A-D conversion interrupt. When an interrupt request occurs, this level is compared 
with the processor interrupt priority level (IPL) in the processor status register (PS) and an interrupt 
is allowed only when this level is higher than IPL (interrupt disable flag | must be “O”). Set these bits 
to “000” (level 0) to disable only A-D conversion interrupt. 


@interrupt request bit (bit 3) 
This bit is set to “1” when an A-D conversion interrupt request occurs. The interrupt request bit set to 
“1” is cleared to “O” when the interrupt request is accepted. 
This bit can be set or cleared by program. 
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(6) Port P7 direction register 
The analog input pin is shared with port P7. When using these ports as analog input pins or using port 
P77 as external trigger input pin, the corresponding bit in the port P7 direction register must be set 
to “0” (input mode). 


Figure 2.11.6 shows the relationship between the port P7 direction register (address 1116) and analog 
input pins. 


b2 bi 


b7 b4 


ANo pin 
AN: pin 
ANz pin 
ANs pin 
ANa pin 
ANs pin 
ANé pin 
AN7 pin / ADrtre pin 


Note: This register is cleared to “OOic” at reset. 





Fig. 2.11.6 Relationship between port P7 direction register and analog input pins 
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2.11.3 Successive approximation conversion 

A-D conversion starts when an internal or an external trigger is occurred. 

A-D conversion is performed by successive approximation. When A-D conversion starts, the following 
operations are performed automatically to convert analog values to digital values. 


@Mlnitialization of successive approximation register 
The successive approximation register is cleared to “OOic”. 


@Setting the most significant bit (bit 7) 
The successive approximation register bit 7 is set to “1”. Then the compare reference voltage Veet is 
compared with the analog input voltage Vin and bit 7 changes as follows: 


Unchanged if Vret < Vin 
Cleared to “O” if Vret > Vin 


The reference voltage input to Vrer pin must be set between AVss and AVcc. 
The compare reference voltage Vret depends on the value in the successive approximation register. Table 
2.11.7 shows the relationship between Vrer and the value in the successive approximation register. 


Table 2.11.7 Relationship between successive approximation register and Veet 


Contents of successive approximation register 1 to 255 
Vrer/256 & (n—-0.5) 
Compare reference voltage Vret (V) n : The contents of the successive approximation 


register . 





Step @ above is repeated for all bits from bit 7 to bit 0 and the value in the successive approximation 
register (digital equivalent of the analog input voltage) is transferred to the A-D register i when comparison 
of bit 0 completes. 

Table 2.11.8 shows the change in the successive approximation register and the compare reference 
voltage during A-D conversion. 
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A-D conversion successively convert the analog input voltage Vin in the process of comparison shown in 
Table 2.11.8. Therefore, conversion results become meaningless values if the input voltage of the analog 
input pin changes during the A-D conversion. In order to avoid the cases, the analog input voltage must 
be controlled externally without changing during A-D conversion. A-D conversion interval is gan X 57 cycles 
(dao is f(Xin)/8 or f(Xin)/4) per pin. 


Table 2.11.8 Change in successive approximation register and compare reference voltage during 
A-D conversion 


Gi ee Successive approximation register Compare voltage Vref 


b7 b0 
Conversion start Fojofofolo{ofo}o| 


First comparison f1fojolojojojo]o| 


Second comparison In} i {ofofof{o}ojo, 


1st comparison result 


Third comparison mtn i fololofojo 


2nd comparison result 
Ln | 
| ——— | 


{——— ] 
= 
| 


Eighth comparison [nz | ne} ns} na fina | ne} ns | 1 
Conversion completed pn | ne | ns | na | no | ne | ni | no | 
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2.11.4 A-D conversion mode 

Four different A-D conversion modes can be selected with the A-D conversion mode selection bits. In each 
mode, the trigger selection bit is used to determine whether to use a software trigger (internal trigger) or 
an external input signal (external trigger). 

Conversion operating of each A-D conversion mode is described below for cases selecting an internal 
trigger and an external trigger. 


(1) One-shot mode [A-D control register bits 4, 3=“00”] 
In one-shot mode, the input voltage to the one analog input pin selected with the analog input 
selection bits is converted and an A-D conversion interrupt request occurs when conversion completes. 
The analog input pin must be selected before occurring the trigger. Pins not selected as analog input 
pin can be used as normal I/O ports. 


@When an internal trigger is selected to start A-D conversion 
When the A-D conversion start flag is set to “1”, an internal trigger is occurred and A-D conversion 
starts. After 57 cycles of gao, A-D conversion completes, the contents of the successive approximation 
register (converted result) are transferred to the A-D register i. At the same time, the A-D conversion 
interrupt request occurs and the interrupt request bit is set to “1”. Then the A-D conversion start flag 
is cleared to “O” and A-D converter operation stops. 


@When an external trigger is selected to start A-D conversion 

A-D conversion starts when the input level of the ADtre pin changes from “H” to “L” (falling edge) while 
the A-D conversion start flag is set to “1”. When A-D conversion compietes after 57 cycles of gap, the 
contents of the successive approximation register (converted result) are transferred to the A-D register 
i. At the same time, the A-D conversion interrupt request occurs and the interrupt request bit is set to 
“4”. At this point, the A-D conversion start flag retains “1”. Therefore, A-D conversion can be repeated 
by occurring another trigger. 

A retrigger can be also occurred during A-D conversion. In this cases, comparison stops when occur- 
ring retrigger, and then comparison restarts from bit 7 of the successive approximation register. 





(2) Repeat mode [A-D control register bits 4, 3=“01”] 
In repeat mode, the input voltage to the one analog input pin selected with the analog input selection 
bits is repeatedly converted. No interrupt request occurs and the A-D conversion start flag is not 
cleared to “O” automatically. The A-D conversion of the selected analog input pin is repeated while the 
A-D conversion start flag is “1”. 
The analog input pin must be selected before occurring the trigger. Pins not selected as analog input 
pin can be used as normal !/O ports. 


@When an internal trigger is selected to start A-D conversion 
When the A-D conversion start flag is set to “1”, an internal trigger is occurred and A-D conversion 
starts. Each time an A-D conversion completes, the contents of the Successive approximation register 
(converted result) are transferred to the A-D register i. The A-D converter does not stop at this point 
and conversion is repeated. 


@When an external trigger is selected to start A-D conversion 
A-D conversion starts when the input level of the ADtrac pin changes from “H” to “L” (falling edge) while 
the A-D conversion start flag is set to “1”. Each time an A-D conversion completes, the contents of the 
successive approximation register (converted result) are transferred to the A-D register i. The A-D 
converter does not stop at this point and conversion is repeated. 
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(3) Single sweep mode [A-D control register bits 4, 3=“10"] 


In single sweep mode, multiple analog input pins can be converted. The number of analog input pins 
are selected with the A-D sweep pin selection register. The number of analog input pins can be 
selected among either 2, 4, 6, or 8 pins with the A-D sweep pin selection bits of the A-D sweep pin 
selection register. The analog input pins must be selected before occurring the trigger. 

A-D conversion is performed only for the input voltage of the selected input pins. An A-D conversion 
interrupt request occurs and the interrupt request bit is set to “1” when all selected pins are converted. 
The analog input selection bits in the A-D control register are ignored in this mode. 

Pins not selected as analog input pin can be used as normal |/O ports. 


@When an internal trigger is selected to start A-D conversion 


When the A-D conversion start flag is set to “1”, an internal trigger is occurred and A-D conversion of 
the ANo pin starts. After the ANo pin is converted, the selected analog input pins are converted in 
sequence. The converted result is transferred from the successive approximation register to the cor- 
responding A-D register i each time a pin is converted. When all selected pins are converted, an A- 
D conversion interrupt request occurs and the interrupt request bit is set to “1”. At this point, the A- 
D conversion start flag is cleared to “O” and the A-D converter stops. 


@When an external trigger is selected to start A-D conversion 





The selected pins are converted in order starting from the ANo pin similar to selecting an internal trigger 
when the input level of the ADtre pin changes from “H” to “L” (falling edge) while the A-D conversion 
start flag is set to “1”. The converted result is transferred from the successive approximation register 
to the corresponding A-D register i each time a pin is converted. When all selected pins are converted, 
an A-D conversioh interrupt request occurs and the interrupt request bit is set to “1”. At this point, the 
A-D conversion start flag retains “1”. Therefore, A-D conversion can be repeated from the ANo pin by 
occurring another trigger. 

A retrigger can be also occurred during A-D conversion. In this cases, executing pin conversion stops | 
when occurring retrigger, and then conversion restarts from ANo pin. 


“ Repeat sweep mode [A-D control register bits 4, 3=“11”] 


In repeat sweep mode, the A-D sweep pin selection register can be used to select multiple analog 
input pins to be converted as with single sweep mode. Conversion is performed in order from the ANo 
pin. After converting all selected pins, A-D converter does not stop, but repeats conversion from the 
ANo pin. No interrupt request occur when all selected pins are converted. 

The analog input selection bits in the A-D control register are ignored in this mode. 

Pins not selected as analog input pin can be used as normal! I/O ports. 


@When an internal trigger is selected to start A-D conversion 


When the A-D conversion start flag is set to “1”, an internal trigger is occurred and A-D conversion 
Starts from the ANo pin. After the ANo pin is converted, the selected analog input pins are converted 
in sequence. The converted result is transferred from the successive approximation register to the 
corresponding A-D register i each time a pin is converted. 

When all selected pins are converted, conversion is repeated from the ANo pin. Conversion is repeated 
until the A-D conversion start flag is cleared to “O”. 


@When an external trigger is selected to start A-D conversion 


The selected analog input pins are converted in order starting from the ANo pin similar to selecting an 
internal trigger when the input level of the ADtac pin changes from “H” to “L” (falling edge) while the 
A-D conversion start flag is set to “1”. The converted result is transferred from the successive approxi- 
mation register to the corresponding A-D register i each time a pin is converted. Conversion is re- 
peated until the A-D conversion start flag is cleared to “0”. 
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[Precautions when using A-D converter] 


1s 


5. 


Analog input pins must be selected (with analog input selection bits of A-D control register and A-D sweep 
pin selection register) before an internal or an external trigger is occurred. 


. The port P7 direction register bit corresponding to the pin selected as analog input pin and external trigger 


input pin (port P77) must be set to “O” (input mode). 





. When an external trigger is selected, port P77 functions as ADrnrc pin. If at the same time, AN7 pin is selected 


as the analog input pin, the external trigger input signal is converted and the converted result is trans- 
ferred to A-D register 7. 


. Analog input selection bits of A-D control register must not be written during A-D conversion in single 


sweep mode and repeat sweep mode. 
The contents of analog input selection bits change to pins during A-D conversion. 


Pins to convert are forced to change while converting if analog input selection bits are written during A- 
D conversion. 


When_not using A-D converter, set the AVcc pin, AVss pin and Vrer pin as follows. 


DAV C6: OI a isecectintssccctesteciicsss Connect to Vcc pin. 
@AVss pin and Vnrer pin....... Connect to Vss pin. 


%* Refer to “Appendix 5. Setting example of unused pins”. 
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2.12 Watchdog timer 

The watchdog timer is a 12-bit timer that is used to detect unexpected execution sequence caused by 
software run-away. It is also used to stabilize the oscillator when returning from the STP instruction. Figure 
2.12.1 shows the block diagram of the watchdog timer. 


Watchdog timer frequency selection flag (forced to fse during the STP instruction execution) 
fs2 ———-O 


fsi2 -———-O 


Watchdog timer. 


Hold (Address 6016) 


Writing to watchdog timer 


RESET © 
Circuit 


STP j i 


instruction 





Fig. 2.12.1 Watchdog timer block diagram 
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2.12.1 Operation description 

The watchdog timer (address 6016) consists of 12 bits and its contents are decremented by 1 each time 
the clock selected with the watchdog timer frequency selection flag (bit 0 at address 6116) is input to the 
watchdog timer. 

The watchdog timer frequency selection flag is cleared to “O” at reset, and fs:i2 (external clock input 
frequency f(Xin) divided by 512) is selected as the watchdog timer count source after reset. It can be also 
set to fee (external clock input frequency f(Xin) divided by 32) by setting the watchdog timer frequency 
selection flag by software. Figure 2.12.2 shows the structure of the watchdog timer frequency selection 
flag. 

When there is a reset, “FFFie” is set in the watchdog timer. Then the count source fs1z is counted after 
removing reset. The contents of the watchdog timer are decremented by 1 each time a clock is input. An 
interrupt request occurs when the most significant bit of the watchdog timer becomes “0” after 2048 counts. 
The watchdog timer interrupt is a non-maskable interrupt with the highest priority. Processor interrupt 
priority level (IPL) is set to level 7 when accepting the interrupt request. 

An arbitrary value cannot be set in the watchdog timer. A value “FFFie” is automatically set in the watchdog 
timer when there is a reset, when the STP instruction is executed, or when a writing operation is performed 
in the watchdog timer. The watchdog timer is a write-only register and its contents are undefined at 
reading. 

The watchdog timer is in Hold state and the clock input of the watchdog timer is disabled while “L” level 
is applied to the HOLD pin (in Hold state). 

When using the watchdog timer to detect a software run-away, a dummy data must be written to the 
watchdog timer by software before the most significant hit of the watchdog timer becomes “0”. Then if this 
code is not executed due to a software run-away, the most significant bit of the watchdog timer becomes 
“O” and an interrupt occurs. Thereafter, the control should be passed to the interrupt service routine. 
To restart from reset after detecting a software run-away, bit 3 of the processor mode register (software 
reset bit) must be set to “1” in the watchdog timer interrupt service routine. In this way, a run-away software 
can be automatically reset and returned to normal routine. 

In addition to detecting a software run-away, the watchdog timer is also used as a return timer from a stop 
mode (halting of oscillating circuit with the STP instruction). When the STP instruction is executed, the 
watchdog timer count source is forced to fs2 and “FFFie” is set in the watchdog timer. Then when the 
watchdog timer is started with an external interrupt and when the most significant bit of the watchdog timer 
becomes “0” after 2048 counts, a supply of internal clock @ starts. This is because some time is required 
for the oscillator to stabilize. In case that watchdog timer is used as a return timer from a stop mode, 
watchdog timer interrupt does not occur. Refer to section “4.2 Clock generating circuit” for more detail 
concerning the stop mode. 

In order to stop the watchdog timer (disable its function), twice of the Vcc voltage must be applied to the 
RESET pin. During this time, the watchdog timer stops with “FFFie” set. 








@ Watchdog timer frequency selection flag (address 6116) 


Watchdog timer frequency selection flag 
0 : fs12 selected 
1 : fs2 selected 


Note: Bits 1 to 7 are undefined at reading. 
Bit 0 is cleared to “O” at reset. 





Fig. 2.12.2 Watchdog timer frequency selection flag structure 
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2.13 Hold function | 

The microcomputer is in Hold state while “L” level is input to the HOLD pin. Table 2.13.1 shows the state 
of the microcomputer during Hold. 

The HOLD input (“L” level input) to the HOLD pin is accepted at the falling edge of the internal clock @ from 
“H” to “L” level while the bus is unused. 

When the HOLD input is accepted, @ cpu (CPU operating clock: f(Xin)/2) stops at “L” level, and the output level 
of E pin becomes “H” after completing the executing bus cycle. In addition, “L” level is output from the HLDA 
pin to indicate externally that the microcomputer is in Hold state. Address/data bus (pins Ao—A7, As/Ds—A15/ 
Dis, A1e/Do-Aza/D7), R/W pin and BHE pin are floated during Hold. These pins are floated after one cycle of 
the internal clock @ later than the HLDA pin changes from “H” to “L” level. 

Only @ cpu is stopped during Hold. The oscillator remains operating so that internal peripherals can be 
operated. However, the watchdog timer is stopped. 

Hold state can be removed by returning the HOLD pin to “H” level. In this case, HOLD input (“H” level input) 
is also accepted at the falling edge of the internal clock @ from “H” to “L” level while the bus is unused. At 
the removing of Hold state, these ports are removed from Hold state after one cycle of the internal clock 
¢ later than the HLDA pin changes from “L” to “H” level. 

Figure 2.13.1 shows the timing example when the Hold. 











Table 2.13.1 Microcomputer state during Hold 


Parameter State during Hold 
Oscillator Operating 
Internal clock @¢ Operating 
Clock gi: Output 
@ cpu Stopped at “L” level 
E pin Stopped at “H” level 
Pins Ao—A7, 
As/Ds—A15/D15, ; 
Ate/Do—Aes/D7, Pieating 


R/W pin, BHE pin 
ALE pin, HLDA pin | Stopped at “L” level 


Ports P4s—P47, : tas ma 
P5 P6. P7. PB Retain the state at inputting “L” level to the HOLD pin 


Watchdog timer Stopped 
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(a) HOLD input is performed when the bus is unused 


Ot Wee Ee ee 


@CPU 
(Note 1) | 


HOLD 


HLDA | cand | | 


The bus is opened. 





(b) HOLD input is performed when the bus is used 


The bus is opened. 






Note 1: ¢cPu is an internal signal and cannot be observed externally. 
Note 2: E output is “L” level at this point, however, HOLD input is accepted 
because the bus is unused internally. 





Fig. 2.13.1 Timing example when the Hold 
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FUNCTIONAL DESCRIPTION 
2.14 Ready function 





2.14 Ready function 

The microcomputer is in Ready state while “L” level is input to the RDY pin. Table 2.14.1 shows the state 
of the microcomputer during Ready. 

The Ready function is used when externally connecting slow memory. 

The RDY input (“L” level input) to the RDY pin is accepted at the falling edge of the internal clock ¢ from 
“H” to “L” level. When the RDY input is accepted, internal clock @ and @ cpu (CPU operating clock:f(Xin)/2) 
stop at “L” level. Address/data bus (pins Ao—A7, As/Ds—A15/D15, A1e/Do—Az23/D7), R/W pin, BHE pin, ALE pin and 
ports P4—P8 retain the state at inputting “L” level to the RDY pin. 

During Ready state, the internal clock @ and @ cpu are stopped, but the oscillator remains operating so that 
internal peripherals can be operated. a a 

Ready state can be removed by returning the RDY pin to “H” level. In this case, RDY input (“H” level input) 
is also accepted at the falling edge of the internal clock ¢@ from “H” to “L” level. 

Figure 2.14.1 shows the timing example when the Ready. 





Table 2.14.1 Microcomputer state during Ready 


Parameter State during Read 
Oscillator Operating 
Internal clock ¢ Stopped at “L” level 
Clock | Output 
) CPU Stopped at “L” level 
E pin Stopped at either “H” level or “L” level 
Pins Ao—A7, 
As/Ds—A15/D15, 
Ai6/Do—Az3/D7, 
R/W pin, BHE pin, | Retain the state at inputting “L” level to the RDY pin 
ALE pin, 
ports P4s-P4z, 
P5—-P8 


Watchdog timer Operating 


(a) When wait bit="1” 


Clock @1 | | | | | | 


(6) When wait bit=“0” 


Clock ¢1 | | | | | | | | 





Fig. 2.14.1 Timing example when the Ready 
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Reset 
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3 Software reset 
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RESET 
3.1 Reset 





3.1 Reset 


The CPU becomes reset state when “L” level is applied to the RESET pin. Reset state is removed and program 
execution starts from address set in the reset vector table when “H” level is then applied to the RESET pin. 





3.1.1 Reset operation 

The CPU becomes reset state when “L” level is applied to the RESET pin in case the supply voltage is 5V+10%. 
When oscillation is stable, the “L” level must be applied for at least 2us. | 

Apply “L” level to the RESET pin for sufficient interval (approximately 10ms) before returning to “H” level if 
sufficient time is required for the oscillator to stabilize such as reset during stop mode entered with the STP 
instruction. Reset state is removed if “H” level is applied to the RESET pin while in reset state. 

When reset state is removed, program execution starts from the address formed by using the contents of 
address FFFFie at bank O16 as high-order and address FFFEie« at bank O16 as low-order. Figure 3.1.1 shows 
the internal processing sequence after removing reset state. 








@ ee a eh ea el ea 
dou _| | Bresgae | | 
Ae 
AnAL FFFE%s ADHADL 


Not Not Next operation 
pele Se ES E ADH ADL Nee 


IPL, Vector address 


ee ee ee 


Rw 


") cpu: CPU standard clock AHAL : Low-order 16 bits of the CPU 


. internal address 
Ap : High-order 8 bits of the CPU 


internal address DATA : CPU internal data bus 





Fig. 3.1.1 Internal processing sequence after removing reset state 
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RESET 


3.1 Reset 





3.1.2 Internal 


registers state at reset 


Figure 3.1.2 shows the state of internal registers at reset. 


Undetined at reset 


Address 
Cie 


Die 


1016 


1116 


1416 


1Et6 


1Fi6 


3016 


3416 : 


3516 


3816 


3Ci6 : 


3Di6 


A0Die 


4216 | 


4416 


5616 


5716 


5816 | 


Register contents 





pO }ofofojol7}7}? | 


9 |o |o |o | 0 yas 
[o[ofofojfo{7{7]{?| 
cece 





ieee | 
0 0°). 0 0: 05) 0) 1c 








00 16 





00 16 


[Ot sd 





1 Not allocated and undefined at reset 


Port P4 direction register (Note 1) 

Port P5 direction register 

Port P6 direction register 

Port P7 direction register 

Port P8 direction register 

A-D control register 

A-D sweep pin selection register 

UARTO transmit/receive mode register 
UARTO transmit/receive control register 0 
UARTO transmit/receive control register 1 
UART1 transmit/receive mode register 
UART1 transmit/receive contro! register 0 
UART1 transmit/receive control register 1 
Count start flag 

One-shot start flag 

Up-down flag 

Timer AO mode register 

Timer A1 mode register 


Timer A2 mode register 


Note 1: There are no pins corresponding to the low-order 3 bits of port P4 direction register. 


Fig. 3.1.2 Internal registers state at reset (1) . 
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RESET 
3.1 Reset 





Address Register contents 


SBie Timer BO mode register 
5Ci6 Timer B1 mode register 
5Die Timer B2 mode register 
5E16 Processor mode register 


Watchdog timer frequency selection flag 


Waveform output mode register 





7016 A-D conversion interrupt control register 
7116 UARTO transmission interrupt control register 
7216 UARTO receive interrupt control register 
7316 UART1 transmission interrupt control register 
7416 UART1 receive interrupt control register 
7516 Timer AO interrupt control register 

7616 Timer A1 interrupt control register 

7716 Timer A2 interrupt control register 

7816 Timer A3 interrupt control register 

7916 Timer A4 interrupt control register 

7Ai6 Timer BO interrupt control register 

7Bi6 Timer B1 interrupt control register 

7Ci6 Timer B2 interrupt control register 


Fig. 3.1.2 Internal registers state at reset (2) 
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3.1 Reset 





Address Register contents 


7Di6 


INTO interrupt control register 


7Et6 INT1 interrupt control register 





7Fi6 INT2 interrupt control register 





Register contents 


0016 Data bank reqister DT 


Program bank register PG 


Contents of address FFFF16 Program counter (high-order) PCu 
Contents of address FFFEi6 Program counter (low-order) PC. 


Direct page register (low-order) DPR 


Be ee ee ee ee Processor status register PS 
COTO TOTAL POLO Ot] 2] ? Jians 11 to 15 ate “0” at reading 
| IPL N V m x D 1 Z C 
Note 2: The contents of registers other than those described in Figure 3.1.2 and RAM are 
undefined at reset. 
Fig. 3.1.2 Internal registers state at reset (3) 
3.1.3 Bus state during reset 


Table 3.1.1 shows the state of the address bus, data bus, and contro! bus during reset (“L” level is applied 
to RESET pin). 





Table 3.1.1 Bus state during reset 
| Pin Bus state during reset 


Ao—A7, As/Ds—A15/D15, Address output (“H” or “L” level) 
Aie/Do—Az23/D7 


E, R/W “H” level output _ 

BHE “H” or “L” level output (depends on address output 
_ALE “L” level output 

Clock @1 Operating (output) 
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RESET 


3.2 Reset circuit 





3.2 Reset circuit 


The reset circuit must be designed so that the reset input voltage is 0.9V. or lower when the supply voltage 
reaches 4.5V as shown in Figure 3.2.1. 


Figure 3.2.2 shows the example of power-on reset circuit using a system reset IC M51957AL. 


Power-on 





Fig. 3.2.1 Power-on reset condition 


M37732 


| Delay capacity 
“GND _ 


%*# In case of Ca=0.033uF, the dalay time ta is about 11ms. 
td~0.34XCua [us], Ca: [ pF ] 





Fig. 3.2.2 Power-on reset circult example 
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RESET 


3.3 Software reset 





3.3 Software reset 


The M37732 group can be reset internally by program. Software reset occurs by writing “1” to the software 
reset bit of the processor mode register (bit 3 of address 5E16). Figure 3.3.1 shows the structure of the 
processor mode register. 


Software reset is the same as hardware reset (when the RESET pin level is returned to “H” after applying 
“L” level) except that the contents of the internal RAM are preserved. Therefore, the contents of each 
register just after software reset is initialized to values shown in Figure 3.1.2 except for internal RAM. 


b4 b b2 bt 


—  b6 bd 3 bO 
Processor mode register (address 5E16) 


Fix this bit to “O”. 
Fix this bit to “1”. 


Wait bit 
0 : Wait during external access 


1: No wait 


Software reset bit 
1 : Software reset activated by writing “1” 








Interrupt priority detection time selection bits 
00 : 7 cycles at internal clock @ 

01 : 4 cycles at internal clock @ 

10 : 2 cycles at internal clock @ 

11: This is not available. 


Fix this bit to “0”. 





Note: Bit 7 is undefined at reading. 
Bits 0 and 2 to 6 are cleared to “0” at reset. 
Bit 1 is set to “1” at reset. 


Fig. 3.3.1 Processor mode register structure 





RESET 


3.3 Software reset 


MEMORANDUM > 
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4.1 Oscillating circuit 
4.2 Clock generating circuit 





OSCILLATING CIRCUIT 


4.1 Oscillating circuit 





4.1 Oscillating circuit 

The M37732 group is equipped with an oscillating circuit to generate the necessary clock. The frequency 
input to the clock input pin Xn is divided in half to obtain the internal clock ¢. This @ is further divided in 
half to obtain the bus cycle. Either a ceramic resonator or a crystal resonator can be connected externally 
to the internal oscillating circuit. 


4.1.1 Circuit using a ceramic resonator or a crystal 
resonator 
Figure 4.1.1 shows the circuit example using a ce- | | 
are resonator and Figure 4.1.2 shove hee cai M37732S4FP 
example using a crystal resonator. An oscillating Xout 
circuit is formed by connecting the resonator be- 
tween Xin pin and Xourt pin as shown in the figures. 
The circuit constants such as Ri, Re, Cin, and Court 
must be set to the resonator manufacturer's recom- 
mended values. 


4.1.2 External clock input circuit 

An external clock signal can be supplied to the internal 
oscillating circuit. Figure 4.1.3 shows the circuit 
example of external clock input. Note that the ex- 
ternal clock must be input from Xin pin, and Xout pin 
must be left open. 





M37732S4FP 


Xout 





Fig. 4.1.2 Oscillating circuit using a crystal resonator 


M37732S4FP 
XIN Xout 


External oscillating circuit 





Fig. 4.1.3 External clock input circuit 
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OSCILLATING CIRCUIT 


4.2 Clock generating circuit 





4.2 Clock generating circuit 

The oscillating circuit consists of oscillating gate which functions as an amplifier to obtain the necessary gain 
and oscillation control flip-flop to control this amplifier. Therefore, oscillation can be stopped and restarted 
as necessary. The clock generating circuit shown in Figure 4.2.1 is built in the M37732 group. 

When the STP instruction is executed, the internal clock @ stops oscillation at the “L” level. At the same time, 
FFFie is set in the watchdog timer and the input to the watchdog timer is connected to fsz. This connection 
is cancelled and connecied to the input determined by the conienis of the watchdog timer frequency selection 
flag when the most significant bit of the watchdog timer becomes “0” or when there is a reset. Oscillation 
is resumed when an interrupt is accepted, but the internal clock @ remains at “L” level until the most sig- 
nificant bit of the watchdog timer becomes “0”. This is done to avoid the initial unstable interval when using 
a ceramic resonator. 

When the WIT instruction is executed, the internal clock @ stops at the “L” level, but the oscillator does not 
stop. Therefore, the timer, serial I/O, and A-D converter can be used. The stopping of internal clock ¢ is 
cancelled when an interrupt is accepted. An instruction can be executed immediately because the oscillator 
does not stop. 


Refer to “Appendix 3. Stop, wait, one-wait, Ready, Hold state” and “MELPS 7700 SOFTWARE MANUAL” for 
information concerning the STP and WIT instructions. 


Interrupt [ . al | TS a! 


request 


STP . | WIT RL 
instruction instruction instruction 


Internal 
vy 
= clock ¢ g ole 
{32 64 


f2 fi6 
| f512 


& @ 
XIN XOuT 





Fig. 4.2.1 Clock generating circuit block diagram 
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OSCILLATING CIRCUIT 


4.2 Clock generating circuit 


MEMORANDUM 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





5.1 Electrical characteristics 
5.1.1 Absolute maximum ratings 


Absolute maximum ratings 
























|Symbol| —— —C—*—“‘é ameter = C—“‘;‘“‘;CCL;CSCConndiitions’ =| ~—SsRattings =|“ Unit_| 
Nec | Supe veiage ast Pv 
AVcc__|Analogsupply voltage (a — eC tC“ ts:C—‘aLSC“‘(‘(‘HOtO7 OL UV 
Vi___s|Inputvoltage RESET,CNVss,BYTE = as | C“‘“LSCHOStOI2 | CV 
Vi Input voltage As/Ds—Azs/D7, P4s—P47, P5o—P57, —0.3 to Vcc+0:3 V 
al P60—-P67, P7o-P77, P80—-P87, Vrer, XIN, 
| HOLD, RDY _ 
Vo Output voltage Ao—A7, As/De—Aza/D7, P4s—P47, P50-P57, ‘—0.3 to Vec+0.3 V 
. P60—-P67, P7o—-P77, P80—-P87, Xour, E, 
o1, HLDA, ALE, BHE, R/W 

[Pa |Powerdissipation ca —(‘SNCdeeeC CT 00 | mL 
[Top _ [Operatingtemperature = a CT t“‘“C;*dL CC =20tO 85 | 
Tg | Storagetemperature es  :C—“‘“CSTOOOCOCOCOC*C(N;*@CLSSCO40to 150 | °C 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 
5.1.2 Recommended operating conditions 


Recommended operating conditions (Vcc=5V+10%, Ta=—20 to 85°C, unless otherwise noted) 


Limits ; 
4.5 
a! 














Suppl volage.—SS V 
AVcc Anaiog supply voitage : | Veo [| | V | 
Supply voltage a ae ee ee 
Analog supply voltage [ERE AR re (as 
P43—P47, P5o—-P57, P60—-P67, Vec V 
P7o—-P77, P80—P87, Xin, RESET, - 
CNVss, BYTE, HOLD, RDY 
. pT Vee | VF 
Low-level input voltage P43—P47, P5o—-P57, P60-P67, 0.2Vcc | V 
P7o—P77, P80—P87, Xin, RESET, 
CNVss, BYTE, HOLD, RDY 
Low-level input voltage Aa/De—Az23/D7 | | 0 | sf 0.16Vec]  V 
loH (peak) | High-level peak output current Ao—A7, As/Ds—Aza/D7, P4s—P 47, —10 A 


P50-P57, P60—-P67, P7o—-P77, 
P80-P87, ¢:, HLDA, ALE, BHE, 





| 

3 

| 

| 
EE 


3 
> 


ISH (avg) righ-ievei average output current Ao—A7, As/Ds—Az3/D7, P4s—P 47, 
: P50-P57, P60-P67, P7o0—-P77, 
P80-P87, @:, HLDA, ALE, BHE, 
R/W 
[lou (peak) Ao—A7, As/Ds—Az23/D7, P4s—P 47, 
P50-P57, P60—-P67, P7o—-P77, 
lot (avg) 
| P80—P87, ¢:, HLDA, ALE, BHE, 
R/W 
f(Xin) External clock input frequency 
Note 1: Average output current is the average value of a 100ms interval. 
2: The sum of lot (peak) for Ao—A7, As/Ds—Azs/D7, HLDA, ALE, BHE, R/W, and port P8 must be 80mA orf less, 
the sum of lou (peak) for Ao—A7, As/Ds—Az3/D7, HLDA, ALE, BHE, R/W, and port P8 must be 80mA or less, 


R/W 
Ao—A7, As/Ds—Az23/D7, P4s—P-47, 

the sum of lo. (peak) for ports P4, P5, P6, P7, and ¢: must be 80mA or less, and the sum of lon (peak) for 

ports P4, P5, P6, P7, and ¢: must be 80mA or less. 





Low-level peak output current 


















Low-level average output current 






P50—-P57, P60-P67, P7o—-P77, 


Ss 3 3 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 


5.1.3 Electrical characteristics and A-D converter characteristics 


M37732S4FP | 

Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted) | 
Symbol Parameter Test conditions Cera tira a 
Vou High-level output voltage Ao—A7, As/De—Azs/Dz7, V 







P4s—P47, P50-P57, P6o—P67, 
P7o-P77, P80-P87, 1, 


lox==—10MA 
HLDA, BHE, R/W 


High-level output voltage Ao—A7, As/Ds—Az3/D7, 1, | lox=—-400LA 4.7 V 
HLDA, BHE, R/W Me 
indieincalirassteeaO cae 
| lox=—400uA (48 [| 
| loux==—400LA 


Low-level output voltage 9 Ao—A7, As/Ds—Azs3/Dz, lo.=10mA 
P43-P47, P5o-P57, P6o—P67, 
P7o-P77, P80-P87, 1, 


HLDA, BHE, R/W 


10) 





\ 


OH 








GO 
& 


oO © ¢ 
_ pS 





iT 












OL Low-level output voltage © Ao-A7, As/Ds—Aezs/D7, $1, |lo.=2mA 0.45 
HLDA, BHE, R/W 
lo.=2mA 
o. {Low-level output voltage E 


lo.=2MA 


ee 1s 





< 
i 
< 
T 


HOLD, RDY, TAOin-TA4in, TBOin-TB2in, 


eee 


Hysteresis 

















< 
z 
| 
< 
o 


Hysteresis 
Hysteresis IN 

As/Ds—Az23/D7, P4s-P4;, 
P5o-P57, P6o-P67, P70-P77, 
P80-P87, Xin, RESET, CNVss, 
BYTE, HOLD, RDY 


lit 8/Ds—A23/D7, P4:-P47, | Viz0V 
P50-P57, P6o-P67, P70—-P77, 
P80-P87, Xin, RESET, CNVss, 
BYTE, HOLD, RDY 


RAM —_ | RAM hold voltage When clock is stopped. 


loc Power supply current Output only —_ | f(Xin)=8MHz, 
pinis open and | Square waveform 


other pins are |Ta=25°C when 
Vss during re- | clock is stopped. 
set. Ta=85°C = when 
clock is stopped. 
A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise note 






T4—-VT- 


B 






ee 





oO o|a|/C]u 
. emt, je . L s 


| Het HY ddd 44s 












F 


aes 














| Min. | Typ. | Max. | 
| — |Resolution 0 Vrr=Vor a a ea 
| — [Absolute accuracy Were | 
Vaer=Vec ees 


-_ 


Conversion time 
rer__|Reference voltage Oa ae 
Via___ [Analog input voltage Rae a ee a a 





<< 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 


M37732S4AFP 
Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=16MHz, unless otherwise noted) 


V 


High-level output voltage Ao—A7, As/De—Az3/D7, 
P43s—P47, P50-P57, P60-P67, 
P7o-P77, P8o-P87, 1, 

HLDA, BHE, RW 


ee output voltage Ao—A7, As/De—Azs/D7, di, |loH=-400A 
HLDA, BHE, R/W 

a, 

lox=—400UA 

lox=—400uA 

L 

L 













< 





< 


| Go 
oO; 





< 


O Low-level output voltage © Ao-Az, As/Ds—Azs/D7, — |la=10mA 






P43-P47, P50-P57, P6o—P67, 
P7o-P77, P80-P87, 1, 





HLDA, BHE, R/W 


Vo Low-level output voltage © Ao—Az, As/De~Azs/D7, ¢:, |lo.=2mA 
HLDA, BHE, R/W 
= 
fecal 











Low-level output voltage ALE 































ee RE 
ae es 
aA Da EB 
Vre-Vr-[Hysteresis RESET, | | OS 
Vr.—-Vr-|Hysteresis Xin ares 6 
lH High-level input current © Ase/Ds—Az23/D7, P43-P47, | Vi=5V 5 LA 
a P5o-P57, P60-P67, P70-P77, aie 
li Low-level input current As/Ds—Az3/D7, P43-P47,  |Vi=0V —-5 | DA 
P5o-P57, P6o-P67, P70-P77, 
| P80-P87, Xin, RESET, CNVss, 
BYTE, HOLD, RDY 
es es 
lec Power supply current Output only | f(Xix)=16MHz, Sik 
pin is open and | Square waveform 
other pins are |}Ta=25°C when 1 LA 
Vss during re- | clock is stopped. ae 
wr _desexis sped] || 
clock is stopped. 


o) 











| — |Resolution Vrer=Vecc | | 8 Bits | 
| — [Absolute accuracy «dV ner=Veo SC CT CT 83 LSB 
Vaer=Veo ef 10 ka | 
425; || ps | 
Veer _|Referencevoltage | Vo | 
Via [Analog input voltage —SSCSSSSCSC~C~SSSSSSSSCS Ye 








ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 


M37732S4BFP 
Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=25MHz, unless otherwise noted) 
ze 
High-level output voltage Ao—A7, As/De—Az3/D7, loH=-10MA 
P43—P47, P5o-P57, P6o-—P67, 
P7o-P77, P80-P87, dr, 
HLDA, BHE, R/W 


HLDA, BHE, RW 
oH=—400UA : 





< 


OH 








< 





< 












Vou High-level output voltage E lou=—-10MA 
oH=—40 0A 
VoL Low-level output voltage © Ao—A7, As/Ds—Az23/D7, =10mA 
P43—P47, P50-P57, P6o-P6r, 
P7o-P77, P80-P87, dr, 
HLDA, BHE, R/W 
Vo Low-level output voltage  Ao-A7, As/Ds—Azs/D7, ¢1, |lo.=2mA 






HLDA, BHE, R/W 
oc=10MA 


OL Low-level output voltage ALE 
oL=2mMA 


Low-level output voltage 9 E | oc=10mA 
— oL=2mMmA 
T+—-V1-| Hysteresis HOLD, RDY, TAOiw—TA4in, TBOin—TB2in, 


INTo-INT2, ADtra, CTSo, CTS1, CLKo, CLKi 


< 





< 


== 
5 

° {co} a] 09 

> ©O;} ;00; — 












< 


afelsi2i-zl 2 
AID/Blol F 











VeVi [Hysteresis RESET ee 
Vir=Vr-| Hysteresis Xi eee 





As/Ds—Az3/D7, P4s—-P47, 
P50-P57, P6c-P67, P70-P77, 
P80-P87, Xin, RESET, CNVss, 
BYTE, HOLD, RDY 


lie Low-level input current As/De—Azsa/D7,° P4:—P47, 
P5o0-P57, P6o-P67, P70-P77, 
P80-P87, Xin, RESET, CNVss, 


BYTE, HOLD, RDY 


Vi=5V 


IH High-level input current 












| ES 
—/M 
os 

Ww 
| 








RAM hold voltage When clock is stopped. 2 { | {| V4 
lec Power supply current Output only —_| {(Xin)=25MHz, | 


19 

pinis open and | Square wavetorm mi 

other pins are |Ta=25°C when 

Vss during re- | clock is stopped. a 

set. Ta=85°C = when 
clock is stopped. Po 


33 


NO 1) 





A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=25MHz, unless otherwise noted) 











| — [Resolution = ss ——its—*=~*We=Vce s CT CCT Cd BI Bits | 
| — [Absoluteaccuracy sd nereVeo Cs —“(isdTS 8 LSB 
[Ruapoer|Ladderresistance dV eF=Veo | 10K 
cow [Conversiontime | ts 
\Vrer [Referencevoltage = “ae CE ce | 
Vi [Analog input vollage——SOSCS~—~—SCS—SsSSSSSSSSS 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





5.1.4 Timing requirements 
Timing requiements (Vcc=5V110%, Vss=0V, Ta=25°C, unless otherwise noted) 


External clock input 


| Min. | Max. | Min. | Max. | Min. | Max. 










f___[External clock input oyoletme [tas] 2 || 40. [ns 
waa [External clock input high-level pulse with [50 [| 25 || 18 [ns ~ 
tw) ___| External clock input low-level pulse width | 60| | 25 || 15 | | ns 
i; [External ciockrisetime_———SSS 
ti [External clock falltime [| 20 | | 10 





Microprocessor mode 


n_| Max] Min. | Max. [Min | Max. 








tore) |Datahigh-orderinputsetuptime == ss | 60 || 45 | 80s] Sons 
‘tsuo.-e) |Datalow-orderinputsetuptime ss “$s | oO | 4 | 80 | ss 
[tsupao-e) [PortP4inputsetuptime = ss S| 200 | Si} too. | ~ Si] oO | ns 
tsupsp-e) _| Port P5 input setup time | 200 | | 100 | | 6 | [ns _ 
tsupep-E) | Port P6 input setup time 200 100 60 ns 
tsup7o-e, [PortP7inputsetuptime = sss] 200 |S | 100 | CC ns 
|tswpeo-e) |PortP8inputsetuptime == “<sasC| 200 || SC | 00 | | Css 
[tsyrov-o) [RDYinputsetuptime = “ss tti| CE TCE 5S Ts | 
[tsyHo.o-») [HOLD inputsetuptime (“as TC CE Cs 
|tye-on, |Datahigh-orderinputholdtime = | | CT tC ns 
[te-p) _ |Datalow-orderinputholdtime = “ss | TCU TC ns 
tne-pa) [PortP4inputholdtime = | CU ns 
|tne-pso) |PortPSinputholdtime = (“as | CU Cs 
[twe-re) |PortPGinputhoidtime = ss ld| TCT TT ns 
ftne-e7m) [PortP7inputholdtime == ss ss | cr dT TC ns 
|tne-rao) |PortP8inputholdtime =“ | TC Cr ns 
[tie-rovy) |RDYinputholdtime = (“ss CT Ct CU ns 
tnie-Hoo) [HOLDinputholdtime = ss —“‘ir;C S| CT TC Td ns 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





Timer A input (count input in event counter mode) 





Limits 
Parameter 


TAi input high-level pulse width 


te(TA) TAiin input cycle time | 


w(TAH) TAiwn input high-level pulse width 
twiTAL) TAiin input low-level pulse width 250 











ie 


Symbol Parameter 


w(TAH) TAiin input high-level pulse width 


tw(TAL) TAiin input low-level pulse width 





‘Timer A Input (up-down input in event counter mode) 


| ae 
Symbol Parameter 
in. | Max. | Min. | Max. | 












Cifin. | Max. 
fury | TAiourinputcycletime _——=—=~S~S~S~S BD |S; HO |-—Ss=| 00] ~S | s 
[twurr | TAour input high-level pulse width | 2600 | | 1250| | 1000] | ns_ 
Fiwury) | TAiout input low-level pulse width | 2500 | | 1950] | 1000 | ns 
Teuur-ty | TAiout inputsetup time ___——~—~—~—S tc000 | | 500 | | 400 | ns | 
1000 [ns 





Timer B input (count input in event counter mode 











) 
| Min. | Max. | Min. | Max. | Min. | Max. | 

ters) | TBiin input cycle time (one edge count) (250 | | 125 | | go | [ns | 
[twa [TBiw input high-level pulse width (one edge count) [125| | 62 _| | 40 | | ns] 
way | TBiw input low-level pulse width (one edge count) [125 || 62 || 40 | | ns | 

-[fecsy | TBin input cycle time (both edges count) | 500 | | 250 || 160 |_| ns 
TBin input high-level pulse width (bothedges count) | 250 | | | go | | ns | 
TBin input low-level pulse width (both edges count)! 250 | ns | 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





Timer B input (pulse period measurement mode) 


Limits 
: | Min. | Max. | Min. | Max. | Min. | Max. | 


TBiw input cycle time 1000; =| 500 | ~~] 320 | sins 
Fiwren | TBiw input high-level pulse wiath 500 |} 250] 160 | 
[twre.) | TBin input low-level pulse width | 500 | | 250; | 160 | 



















Timer B Input (pulse width measurement mode) 


3 | Limits 
| Min. | Max. | Min. | Max. | Min. | 


| Max. | 
Tea | TBin input eyeTe time ‘o00t | S001 Tazo 
wre5) | TBin input high-level pulse width 500 | | 2501 | 160) 
TBin input low-level pulse width 500 || 2501 160 1 












A-D trigger input 




















Limits 
Parameter 
Mii. x. | Min. Max. | 
|ADrac input cycle time (minimum allowable trigger)| 2000 | ro 
ADrac input low-level pulse width 250 || 125 || 125, 





Serial I/O 









Limits | 
Symbol Parameter 16MHz 25MHz-_| Unit 











Min. | Max. | Min. [Max._| Min. | Max. 
HE Oe eee ee nn aN me et 
twcoa [LK npul igh vel pulse wath [ago [rag F100 | 
‘wea | CLKrinput low-level pulse width | 250] | 125 |] 100. || ns 
fwc-0) [TxD outputdelaytime_—sSSSSSCSC—~sSCi‘“‘( Z| P| 8 
ltyc--) = |TxDiholdtime = “as t—“‘C!WC(rdr 8OUCW]CLCLCLCUdT C8 CC 8 ns 
rtauo-c) | AxDiinput setuptime ——~—S—S~S 8] Sid] Ps 
iine-o) [RxD input hold time SCS 90 | i 90 | i 90s 





External interrupt INTi input 


| Min. | Max. 


Itwind) __|INTi input high-level pulse width 
| twciNL) INTi input low-level pulse width 250 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 
5.1.5 Switching characteristics 


Switching characteristics (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted) 


Microprocessor mode (when wait bit is “1”) 


























Limits 
Parameter | 
| | | Min. | Max. [ Min. | Max. | Min. | Max. 
tate) |Addresslow-order outputdelaytime  =—s || 100 | = | 30 | =| 12 | ~~ |_ns (| 
Data high-order output delay time (BYTE="_)_| [110 [| [| 70 | [ 45 [ ns | 
ze-pHz) | Floating startdelaytime(BYTE="L") | rT | BT Bos 
taam-£) | Address middle-order output delay time =| 100 | =| 30 | =| 12 | ~—|_ns | 
}taam-aey | Address middle-order outputdelaytime =| 80 | =| 24 | | 5 | {ons | 
jtae-o1q)|Datalow-orderoutputdelaytime = | 0 | | 0 || 45 | 
toe-o.z, [Floatingstartdelaytime | 8 DT Bs 
tajaH-£) [Address high-order output delaytime == | 100 | =| 30 |) | 12 «| ns 
Address high-order output delay time [ERE T0 a Sa GS = a 
HLDA output delay time | | 100 | | 50 | 50 | sons | 
ALE output delay time eee ee ee eee ee ee 
twace) = [ALE pulsewidth = a —“‘LCS CN TCU 8H To ns 
taBHE-e) 1oo | | 30 | | 20 sis 
tanw-e) |[R/Woutputdelaytime a CT 100 | | 80 ns 
tse--) — [@routputdelaytime = dT | 80 | | 20 | | 18 | ons | 
Address low-order hold time | 50 | | 2 | | ia {| ons | 
thiate-am) | Address middle-order hold time (BYTE="L” Pg | 6f og | hE Ql TT ns 
jthie-oH0) | Data high-order holdtime (BYTE="L”) | 50 | | HT 1 | ns 
jtezxe-0H2)_ | Floating release delay time (BYTE="L”) ss | 95 | | 86 | | 18 | ns 
tne-am | Address middle-order holdtime (BYTE="H”) | 50 | [| 25 | | 18 | | ns | 
thaue-aH) [Address high-orderholdtime = ss“ $s | lh] CU Ts 
the-o1q) = [Datalow-orderholdtime = | 8 | 8 ns 
tpex(E-0Lz,_ |Floatingrelease delaytime = “sas | 9H CT 8B TCT 1B Ts 
twe-sHe) |BHEholdtime == ss ss —CiT tT tT 8 | ns 
twe-aw) |R/Wholdtime = iT | BT 8 | 
tae-paay) [PortP4dataoutputdelaytime =—=—« | ~—« {| 200 | ~—|-:100 | | 80 | ns | 
jtye-rsay  [PortPSdataoutputdelaytime =| | 200/ | 100] | 80 | ns | 
Port P6 data output delay time 200 |__}_108 | __{_80 | #8 
jtwe-p7a) |PortP7dataoutputdelaytime = || ———sif 200 | | 100 { | 80 | ns | 
jtae-peay |PortP8dataoutputdelaytime = «|| —s—s {| 200 | ~—s| 100 | S| 80 | sons | 
ftwey) = [Epulsewidth ci“ tewCCC—<CiC Hc ket HLT COs 





Note: Test conditions are shown in Figure 5.1.1. 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 





Microprocessor mode (when wait bit = “0”, and external memory area is accessed) 























Limits 

| Min. | Max. | Min. | Max. | Min. | Max. 
oo | S| 30 | CS 2 | ns 
Data high-order output delay time (BYTE="L”) | | 110 | =| 70 «| | 45 | 
[toxz(e-0Hz)_| Floating start delay time (BYTE="L”) ee Se ee ee ee ee 
Address middle-order output delay time | 100 | | 30 | | 12 | J] ons | 
taam-ate) |Address middle-order output delaytime —s—§_=So| 80 | | 24 || CTs 
jtye-o1e)_ |Datalow-order outputdelaytime | tt | | 0 | 45s 
ftoxxe-0.z)_ [Floatingstartdelaytime | TC Bs 
1000} 80) Ae TS AS | 
taaH-acey {Address high-order outputdelaytime =—=»—s—(§-§s«|«o8O_ | S| 24 || DTCs 
ftae-Hioa) |HLDA outputdelaytime = “<a | | 00 | S| 5 CCT 50 Cs 
tyaue-e) [ALE outputdelaytime | 4 a as 
ALE pulse width | 90 | | 3 | | 2 | | ns | 
tasHe-e) _| BHE output delay time | 100 | | 30} &#2| 20 | | ns 
ta(Rw-e) Bee Outpt Sela time 1 30 | | 20 | | ns | 
faE-99 ¢: output delay time 30 | oO | 20 | O | 18 | ns | 
jthe-ay) [Address low-orderholdtime s/s =i] 5 || ST 8 os 
Address middle-order hold time (BYTE="L” 9 | | gf |g {| [ns | 
tne-pHa) | Data high-order hold time (BYTE="L”) 50 25 18 | ons | 
tozx(E-DHz) | Floating release delay time (BYTE="L") | 9 | | 36 | #+[ 18 | | ons | 
jthe-am | Address middle-order hold time (BYTE="H”) | 50 [| | 25 | | 18 [| | ons — 
ftwaue-ay) [Address high-orderholdtime === §-s «| 9 | CU] fl | CCC] | | 
the-o1a |Datalow-orderholdtime =——(“<s<s ss | 5 TCT HCE ns CY 
(28s Tpatg felease Oelay Be BR 8 
BHE hold time 1685) 22 We 1B) 
the-aw) [R/Wholdtime = —(itws~—“sé‘zYSCtT | ts 
jtye-paa) [Port P4dataoutputdelaytime = “<sas| | 200 | | 100 | S| 80 Cs 
jtae-rsa) [Port PS data output delay time = (“as | S| 200 | S| 100 | ~Ss| S80 —(| COs 
Port P6é data output delay time || 200 | =f 100 | | 80 | ns | 
aera [Pot PY da cut delay tre} —- 00-00-11 
jtye-pea) [Port P8dataoutputdelaytime == ($s $s | S| 200 | S| 100 | SC] 80 Cs 
twen —jEpulsewidth ee t—“‘“(‘é‘;SSCO!COC*LC AAO | 220 | 130 | ns 
Note: Test conditions are shown in Figure 5.1.1. 


Ao-A7 
As/D8—A23/D7 
P4 

P5 

P6 

P7 

P8 


HLDA 
ALE 
BHE 
R/W 





Fig. 5.1.1 Testing circuit for ports 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 


5.1.6 Equations for calculating the parameters 
Table 5.1.1 shows the equations for calculating the following parameters. Use the equations corresponding 
to the external clock input frequency f(XIN). 


tW(AGE): sseaciasticrsceuscstie ALE pulse width td(R/W-E) occ R/W output delay time 
= E pulse width tpzx(E-DLZ/DHZ).......Floating release delay time 
td(AL/AM/AH-E)......... Address output delay time th(E-AL/AM) oo... Address hold time 
td(AM/AH-ALE).......... Address output delay time th(E-DLQ/DHQ) ......... Data hold time 

td(BHE-E) oc ccececeee BHE output delay time 


Table 5.1.1 Equations for calculating parameters 


gant M37732S4FP M37732S4AFP M37732S4BFP 
{(XIN) 








f(XIN) < 8MHz 8MHz < f(XIN) < 16MHz 16MHz < f(XIN) < 25MHz 
tw(ALE) 1X 10° 1X 10° | 1 xX 10° 
i(xin) > (XIN) eae f(XIN) ue 
puED 2X 10° 
Wait bit = “1” ~F(XIN) — 30 
tw(EL) 
Wait bit = “O” 
td(AL/AM/AH-E) 1x 102 
12 +FXin) 7 40 
td(BHE-E) 2x 10° 
td(R/W-E) 20 + “F(XIN) — 40 
tpzx(E-DLZ/DHZ) 
| 1X 10° _ 4 1X 10° _ 50 
{(XIN) f(XIN) 
th(E-AL/AM) 1x 109 1X 10° 
th(E—DLQ/DHQ) 2 X f(XIN) — 12.5 2X (Xin) iD 
td(AM/AH—ALE) 1x 109 1x 10° 
Unit : ns 
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ELECTRICAL CHARACTERISTICS 


5.1.7 Timing diagram 


Timing diagram 


(XIN) 


Port P4 output 


Port P4 input 


Port P5 output 


Port P5 input 


Pot P6 output 


Port P6 input 


Port P7 output 


Port P7 input 


Port P8 output 


Port P8 input 


te 


5.1 Electrical characteristics 


tw(k) tw(L) 
nag ht E-P4Q 
fe. 
tsu(P4D-E 
| Pe 
th(E-P4D) 
oye E-P50 
_ 
tsu(P5D-E) 
a, 
th(E-P5D) 
ic E-P6Q 
4 
er Tn ee Eee ee ee - 
tsu(P6D-E } 
| ae 
th(E-P6D) 
nag ht E-P7Q 
_X 
tsu(P7D-E «: - 
ee th(E-P7D) 
aghe E-P8Q 
« 
Tsu(P8D-E 
_ thi(E-P8b) 
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ELECTRICAL CHARACTERISTICS 


5.1 Electrical characteristics 


te(TA) 
aera 
TAiin input 
te(UP) 
— Gd 
TAiout input : 


TAiout input 
(Up-down input) 


In event counter 
mode TAiin input 


(When count by falling) 
(When count by rising) 







tc(TB) 
| pas 
TBiin input 
te(AD) 
ADtre input a 
tc(CK) 
ae 
CLKi 
thiC-Q) 
v0 —— a ne 
RxDi 
tw(INL) 
INTi input 


tw(INH) 
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ELECTRICAL CHARACTERISTICS 
5.1 Electrical characteristics 


Microprocessor mode 


(When wait bit="1") 


e wh Ne Nes iS GF Nt 'S 


m| 
. 
. 


RDY input 


(When wait bit="0”) 


mi 
ean 


RDY input 


(When wait bit="1” or “O” in common) 


on 
tsu(HOLD-9 1) thie 1-HOLD) 


HOLD input 






td(¢ 1-HLDA) 





td(@ 1-HLDA) 


HLDA output 


Test conditions 

“Vec=5V+10% 

«Input timing voltage > Vi=1.0V, Vin=4.0V 
‘Output timing voltage : Vor=0.8V, VoH=2.0V 
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5.1 Electrical characteristics 


Microprocessor mode (When wait bit=“1”) 


f(Xin) \ 


m 


Ao-Ay output (| Address | 


th(ALE-AM) : 
As/Ds—Ais/D15 | tpzx(E DHZ) 
output | Address in’ Address 
a a , 





(evrEH) _ Address |} | Address | 
(BYTE="H") (|| Address Address |) 


th(E-DH) 
aan 








Ds~Dis input 
ee a tcc ng toie-012) >| toane-o17 
output Address ee, Data -y Cos | Address 
os | ~DLQ) tsu(DL-€) parila th(E-DL) 
Do~D7 input = 
w(ALE) 
td(ALE~E) 
ALE output 
d(BHE-E) 
la pia 
FFE oupu a 
ta(R/W-E) 
th(E-R/W) 
R/W output 
Test conditions 


* Vec=5V+10% 
* Output timing voltage : Vo.=0.8V, Vox=2.0V 
¢ Do—Dis input ‘ Vir=0.8V, Vin=2.5V 
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5.1 Electrical characteristics 


Microprocessor mode (When wait bit=“0”, and external memory area is accessed) 


f (Xin) 


te 


YA 


0 oe oe: Sear ae Rees 
td(E-o1) td(E-¢1) 


mi 


Ao—A7 output 


As/De—Ai15/D15 
output 
(BYTE="L") 


As—A1s output 
(BYTE="H") 


De—D15 input 


A16/Do—Az23/D7 
output 


Do~—D7 input 


ALE output 


BHE output 


R/W output 


Test conditions 

* Vec=5V+10% 

* Output timing voltage 
¢ Do—Dis input 


ae 
ae el be 
ae { | Address | ) 








th(ALE-AM) ee tpzx(E-DHZ) 
[Data Address 






<> 


td(E-DHQ) 
ta(AM-ALE) 







thiE-AM) 


(| rates 
tsu(DH-E) | th(E-DH) 


ne ee eee 
Vaart AH) i ESSE por -DLZ) | tozx(E-DLZ) 
ee 
(rcs y Data | aa) = wee ee ole Address 
su(DL-E) 
al 
td(AH-ALE) tan ae a 
or 
td(ALE-E) 
td(BHE-E) 
i fps BHE) 
td(R/W-E) 
thiE- R/W) 


: Vor=0.8V, VoH=2.0V 
:Vi=0.8V, Vin=2.5V 
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5.1 Electrical characteristics 
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STANDARD CHARACTERISTICS 
6.1 Standard characteristics 


6.1 Standard characteristics 
The data described in this chapter are characteristic examples for M37732S4BFP. The data is not guaran- 
teed value. Refer to “Chapter 5. Electrical characteristics” for rated values. 
6.1.1 Standard port characteristics 
(1) Programmable 1/O port (CMOS output) P channel lox—Vox characteristics 


Supply voltage Vec=5V 


P channel 


IOH [mA] 





VoH [V] 


(2) Programmable 1/O port (CMOS output) N channel lo.—Vo. characteristics 


Supply voltage Vcc=5V 


N channel 







ho 


ep apareae 
AEE 


>A a 
a 


Vot [V] 


lot [mA] 
 ¢ ] 
oO 





10.0 


0 
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STANDARD CHARACTERISTICS 


6.1 Standard characteristics 
6.1.2 Icc—f(Xin) standard characteristics 


(1) lcc—f(Xin) characteristics on operating and at reset 


Measurement condition (Vcc=5V, Ta=25°C, f(XIN): square wave input, microprocessor mode) 


Icc [MA] 





(Xin) [MHz] 


(2) lcc—f(Xin) Characteristics during wait 


Measurement condition (Vcc=5V, Ta=25°C, f(XIN): square wave input, microprocessor mode) 


6.0 
< 

E& 4.0 
Oo 
aS) 

2.0 

0 

5 10 15 20 25 30 
(XIN) [MHz] 
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6.1 Standard characteristics 


6.1.3 A-D converter standard characteristics 
The lines at the bottom of the graph indicate the absolute precision errors. These are expressed as the 
deviation from the ideal value when the output code changes. For example, the change in output code from 


0016 to O116 Should occur at ANi=10mV, but the measured value is 5mV. Therefore, the measured point of 
change is 10+5=15mV. 


The lines at the top of the graph indicate the input voltage width for which the output code is constant. For 


example, the measured input voltage width for which the output code is OF ie is e2mv. Therefore, the differential 
non-linear error is 22—20=2mV (0.1LSB). 


[Measurement condition] 


@ Vcc = 5.12V 
@ Vrer = 5.12V 
@ Xin = 25MHz 


@ Temp. = 25°C 



















a ieee eee Ma ACER ASA (eee ie DC ARE | - 
era ea Ea Ds | ee ee Fe ae | ee re 
i is iia Ri (ai Ra Rs aa 
ar eee ee ee a ae of 
ae ee ee ae Cae s 
S Pei RS | eet ea 4 
aor een eee % 
aici ae s 
off 
re ree 





ae Fd =e ee 


rc 
n 
wo 


[mv] 





HLOIM STL 


ERROR 
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LOW SUPPLY VOLTAGE VERSION 


7.1 Description 





7.1 Description 

The M37732S4LGP and M37732S4LHP are low supply voltage versions of the M37732S4FP. In addition to 
lowering the supply voltage to 2.7-5.5V, they feature a wide operating temperature range between —40 and 
85°C, and small packages with pin pitches of 0.65mm and 0.5mm. 

These microprocessors are suitable for controlling battery driven portable equipment and small office equipment 
that must process large amounts of data using low power . 


7.1.1 Low supply voltage version 

The low supply voltage version of the M37732 group is available in two types as shown in Figure 7.1.1. 
These types feature low supply voltage, small package, and wide operating temperature range. Only the 
containing package is different between the two types. Therefore, the description in this chapter is focused 
on the M37732S4LGP unless noted otherwise. 

Figure 7.1.1 shows the pin configuration of the M37732S4LGP. 


Table 7.1.1 Low supply voitage version 


Supply ROM RAM Clock 
Type name voltage size size | frequency Package 
(V) (bytes) | (bytes) (MHz) 
M37732S4LGP 80-pin plastic molded QFP (80P6S—A 
M37732S4LHP 2.7 to 5.5 2048 80-pin plastic molded fine-pitch QFP 
(80P6D—A) 
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LOW SUPPLY VOLTAGE VERSION 


7.1 Description 











4 B (2 

iS E 
isseesess B S83 4ies 
ESLCCECZEZ pig WOES 
SGeRENK KK KER BSESSBRDBHAD 
qoaooaooanoqga>e>aeas>agagaaaan 
20} |79) fre} f77| 7975/74] 73] 72}/7 7 69} 6867] 66] [65))64| 63} 62416 











P66/TB1IN <> << P86/RxD1 
P65/TBOIN <-> © C) + P87/TxD1 
P64/INT2 <> —> Ao 
P63/INT1 <> —> A 
P62/INTo <>» —> A2 
P61/TA4IN <-> = — A3 
P60/TA40uT <> Gd —P As 
P57/TA3iIn/RTP13 <> NS — > As 
P56/TA3ouT/RTP12 <> ~ —> Ae 
P5s/TA2in/RTP11 <-> — oO —> Az 
P54/TAZouT/RIPi0 <> Gy <> As/Da 
P53/TA1in/RTPO3 <> aw ¢# Ao/Do 
P52/TA1out/RTPO2 <> [== + Ajio/Di0 
P51/TAOin/RTPO1 <> a > A44/D11 
P50/TAQout/RTPOo <> U + Ai2/Di12 
P47 <> <> = A13/D13 
Pd4g <> <> A14/Di4 
Pd <> <> Ais/D15 
P44 +> +> Aic/Do 
P43 <> <> A17/D1 
24|[es|leell27| lee] ls s9|[s4]fosllae Ko 
cI>fOW Pie Z bw Secu jwi> 3 ON 
“Bec sax se Shika see ss 
~m a Ww = NNN — 
Ole <aacqccc 








Outline M37732S4LGP «++ +++ 80P6S—A 
Outline M37732S4LHP «++ +++ 80P6D-A 


% The pin allocation of M37732S4LGP and M37732S4LHP is shifted by two pins compared 
with that of M37732S4FP. 


Fig. 7.1.1 M37732S4LGP pin configuration (top view) 


213 


LOW SUPPLY VOLTAGE VERSION 


7.1 Description 





7.1.2 Performance overview 


Table 7.1.2 shows the performance overview of the M37732S4LGP. 


Table 7.1.2 M37732S4LGP performance overview 


Parameters 
Number of basic instructions 
Instruction execution time 
Operating clock frequency 
Memory size 
Input/Output ports 


Multi-function timers TAO, TA1, TA2, TA3, TA4 
TBO, TB1, TB2 


Serial 1/O 

A-D converter 
Watchdog timer 
Interrupts 


Clock generating circuit 


Supply voltage 
Power dissipation (Typ.) 


Input/Output characteristics | Input/Output voltage 
Output current 

Memory expansion 

Operating temperature range 

Device structure 


Package M37732S4LGP 


M37732S4LHP 
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Functions 
103 | 
500ns (the fastest instruction at 8MHz frequency) 
8MHz (maximum) 
2048 bytes 
8 bits X 4 
5 bits X 1 
16 bits X 5 
16 bits X 3 
(UART or clock synchronous serial I/O) X 2 
8 bits X 1 (8 channels) 
12 bits x 1 
3 external, 16 internal (priority levels 0 to 7 can 
be set for each interrupt with software) 
Built-in (externally connected to a ceramic or 
crystal resonator) 
2.7 to 5.5V 
12mW (at 3V supply voltage, 8MHz frequency) 
30mW (at 5V supply voltage, 8MHz frequency) 
5 
5mA 
16M bytes (maximum) 
-—40 to 85°C 
High-performance silicon gate CMOS process 
80-pin plastic molded QFP 
80P6S-A: lead pitch 0.65mm 
80-pin plastic molded fine-pitch QFP 
(8OP6D-—A: lead pitch 0.5mm) 


LOW SUPPLY VOLTAGE VERSION 


7.1 Description 





7.1.3 Pin description 
Table 7.1.3 shows the pin description. 


Table 7.1.3 Pin description (1) 





Pin | Name [Input/Output | Functions 

Voc, Vss Power suppl | Supply 2.7-5.5V to Vcc and OV to Vss. 

CNVss CNVss input _ Input =| Connectio Vcc | 

RESET Reset input Input The microcomputer is reset when this pin is set to “L” 
level. 

XIN Clock input Input | These are the 1/O pins of the internal clock generating 

_____._...__| circuit. Connect a ceramic or crystal resonator between 

Xout Clock output Output Xin and Xout. When an external clock is used, the clock 

source should be connected to the Xin pin and the Xout 





pin should be left open. 

















E- Enable output sits Output | Data or instruction read and data write are performed 
—_ when output from this pin is “L" level. 

BYTE Bus width selection input Input This pin determines whether the external data bus is 8- 
bit width or 16-bit width. The width is 16 bits when the 
signal level is “L” and 8 bits when the signal level is “H”. 

AVcc, AVss_ [Analog supply input Lo Power supply for the A-D converter. Externally connect 

— AVcc to Vec and AVss to Vss. | 

V REF Reierence voitage inpui input This is a reference voltage input pin for the A-D con- 
verter. 

91 Clock output Output | This pin outputs the clock ¢: which is divided the clock to 

a Xinpinby 2. 
RDY Ready input Input | The microcomputer is in Ready state while “L” level is 


input to this pin. | 


HOLD Hold input The microcomputer is in Hold state while “L” level is input 








to this pin. es 

HLDA Hold acknowledge output} Output This pin outputs “L” level when microcomputer is in Hold 
state. 

R/W Read/Write output = | Output | The read/write signal indicates the data bus state. The 


data bus state is read when this signal is “H” level and 
| write when “L” level. 





BH Byte high enable output Output “L” level is output when an odd-numbered address is 
accessed. 
ALE Address latch enable output Output This is uSed to obtain only the address from address and 
data multiplex signals. 
Ao-Az Address bus low-order output | Output | Low-order 8 bits (Ao-A7) of the address bus are output. 
As/Ds—A15/D15|Address bus middle-order output/ I/O @When the external bus width is 16 bits. (The BYTE pin 
Data bus high-order 1/O is at “L” level.) High-order 8 bits (Ds—D15) of the data 


bus are input or output when the E output is “L” level. 
Middle-order 8 bits (As—A1s) of the address bus are 
output when E output is “H” level. 

@When the external bus width is 8 bits. (The BYTE pin is 
at “H” level.) Middle-order 8 bits (As—A15) of the address 
bus are output. 


A1i6/Do—Az3/Dz7! Address bus high-order output/ /O Low-order 8 bits ( Do-D7) of the data bus are input or 
Data bus low-order I/O output when the E output is “L” level. High-order 8 bits 





(A1e—Azs) of the address bus are output when the E output 
is “H” level. 
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7.1 Description 





Table 7.1.3 Pin description (2) 





Pin | Name —_—_| Input/Output | ___ Functions 
P4s—P47 I/O port P4 /0 Port P4 is a 5-bit CMOS 1/O port. This port has a data 


direction register and each pin can be programmed for 
a eee EES et Re ee [input or output, 
P50—-P57 (/O port P5 Port P5 is an 8-bit CMOS I/O port. This port has a data 
direction register and each pin can be programmed for 
input or output. These pins also function as |/O pins for 
timers AQ-A3. 


P60~P67 | I/O port P6 1/0 This port is an 8-bit |/O port with the same function as 
P5. These pins can be programmed as |/O pins for timer 
A4, external interrupt input pins for INTo-INT2, and input 
pins tor timers BO-B2. 

P7o-P77 | I/O port P7 1/0 This port is an 8-bit I/O port with the same function as 
P5. These pins can be programmed as analog input 
pins ANo—AN7. P77 also functions as the ADrrc input pin 
for an A-D conversion trigger. 

P80-P87 | I/O port P8 1/0 This port is an 8-bit I/O port with the same function as 
P5. These pins can be programmed as CTS/RTS, CLK, 
RxD, TxD pins for UARTO and UART1. 
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7.1 Description 


7.1.4 Block diagram 


Figure 7.1.2 shows the M37732S4LGP block diagram. 


Yd uod Sd vod 9d uod Ld uod Bd wod 
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nn SCE SESENS) 6) Trettttt PTET T Se Hitt ttt ttt G i tit EXO f1 iil NTT rift 2 —} 
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eter erecee agen nee gteeehe heey heheh 00,8 Lt O08 O08 80 Feet 80,080 e Oe 8 0 Feet ete rete latte atatalotatatetetatatatatetatatatatavaratatetatatatetatatetetatatatetetatater itatatetatetatatatatateratalatatatatatetatetatatatetetatatetatatatatetatetatetatetatetatatatetecstatetetetatotatatetetatatatatetetstatetatetetatatatatetatatatetatatatatetstatatatatatatatetetatateretetatatetetataturetetatatetetatetatetatetatetetetetatatetatatatatatetelatetatetatatatataterata’ataretetetatatataratetetetelatetetatatatetateletatatetatatatetatatsteratatetstatetetstetatstetetete! 
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Fig. 7.1.2 M37732S4LGP block diagram 
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7.2 Functional description 





7.2 Functional description 

The function of the M37732S4LGP is identical to the M37732S4FP. However, the reset voltage condition is 
different. Therefore, this section describes about reset. It also describes the oscillating circuit for low supply 
voltage operation. 

For information concerning other functions, refer to “CHAPTER 2. FUNCTIONAL DESCRIPTION.” 


7.2.1 Reset 

The CPU becomes reset state when “L” level is applied to the RESET pin while the supply voltage is 
between 2.7 and 5.5V. Only the reset voltage condition and the reset circuit are different from M37732S4FP. 
The reset operation, internal registers state at reset, and software reset of M37732S4LGP are identical to 
M37732S4FP. Therefore refer to “CHAPTER 3. RESET” for details. 

The reset circuit is described below. 


(1) Reset circuit 
The reset circuit must be designed so that the reset input voltage is 0.55V or lower when the supply 
_ voltage reaches 2.7V as shown in Figure 7.2.1. 
Figure 7.2.2 shows the example of a power-on reset circuit using the system reset IC M62003L/FP. 


Pa Power on 


2.7V 





Fig. 7.2.1 Power-on reset condition 
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7.2 Functional description 








%# In case of Cd=0.07uF, the delay time ta is about 10ms. 
ta=0.152Cd [us], Ca: [ UF | 


Fig. 7.2.2 Power-on reset circult example 
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7.2 Functional description 





7.2.2 Oscillating circuit 

The M37732S4LGP has the same internal oscillating circuit as M37732S4FP. The frequency input to the 
clock input pin Xin is divided in half to obtain the internal clock @. This @ is further divided in half to obtain 
the bus cycle. 

Either a ceramic resonator or a crystal resonator can be connected externally to the internal oscillating 
circuit. An externai clock signal can be supplied to the internal oscillating circuit. The circuit examples using 
these resonators and external clock are identical to M37732S4FP. 

Figure 7.2.3 shows the oscillating circuit example using a ceramic resonator. 

The circuit constants such as Ri, Re, Cin, and Cour must be set to the resonator manufacturer’s recom- 
mended values. 





M37732S4LGP 


Xout 





Fig. 7.2.3 Oscillating circuit example using a ceramic resonator 
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7.3 Electrical characteristics 





7.3 Electrical characteristics 


7.3.1 Absolute maximum ratings 


Absolute maximum ratings 


V 

V 
Input voltage _ RESET, ONVss, BYTE 
V 


ae 

ee 

Vi Input voltage As/De—Az3/D7, P4s—P47, P50—P57, —0.3 to Vcc+0.3 

P60—P67, P7o-P77, P80—-P87, Vrer, XIN, 

| HOLD, RDY | 
Output voltage Ao—A7, As/De—Aza/D7, P4s—P47, P50—P57, aa —0.3 to Vec+0.3 
Penn 


P6o0—P67, P70-P77, P80—P87, Xour, E, 
—40 to 85 °C 
























¢:, HLDA, ALE, BHE, R/W 








Power dissipation Ta=25°C 300 (Note) 
Operating temperature Hes igen eens 
Tstg Storage temperature Pe eel —65 to 150 





Note: In case of M37732S4LHP, the rating of power dissipation is 200mW. 
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7.3 Electrical characteristics 





7.3.2 Recommended operating conditions 


Recommended operating conditions (Vcc=2.7 to 5.5V, Ta=—40 to 85°C, unless otherwise noted) . 
































a) 
Moc |Supplyvoltage 
AVcc__|Analogsupplyvoltage To 
Supply voltage a a ae ee 
AVss___|Analogsupplyvoltage | 
Vin High-level input voltage P43-P47, P5o0—P57, P6o—P67, 0.8Vcc Voc V 
P70_P7y, Peo Per Xn, FESET oe OE 
CNVss, BYTE, HOLD, RDY 
Vin High-level input voltage As/Ds—Az3/D7 /0.5Vec | =| Veo SO] CU 
Vit Low-level input voltage P4s~P47, P5o-P57, P60-P6r, 0.2Vcc | V 
P7o—-P77, P8o—P87, Xin, RESET, easy 
CNVss, BYTE, HOLD, RDY 
V 


< 





Low-level input voltage As/Ds—Aza/D7 
Ao—A7, As/Ds—Az23/D7, P43—-P47, 
P50-P57, P60—P67, P7o-P77, 
P80—P87, @:, HLDA, ALE, BHE, 
RW 

High-level average output current Ao—A7, As/Ds—Az3/D7, P4s—P47, 
P50-P57, P60o—-P67, P7o—P77, 
P80-P87, @:, HLDA, ALE, BHE, 
R/W 
Ao—A7, As/Ds—Az3/D7, P4s—P47, 
P50-P57, P60—-P67, P7o—-P77, 


10.16Voc| V _ 


eae ee 

pj te 

Beis 

Ene 
eave 

Se 


es ee 2 
Note 1: Average output current is the average value of a 100ms interval. 
2: The sum of lo. (peak) for Ao—A7, As/Ds—Az3/D7, HLDA, ALE, BHE, R/W, and port P8 must be 80mA or less, 


High-level peak output current 


Oo 
x 
D 
® 
) 
z= 


























Low-level peak output current 






R/W 
Aco-A7, As/Ds—Az23/D7, P43—P47, 
P50.—-P57, P60o-P67, P7o0—-P77, 
P80-P87, ¢:, HLDA, ALE, BHE, 
R/W 









Low-level average output current 








Oo Oo Oo 
{—- | a Tr 
Db > D 
< 

S 8 S 
a xz — 





the sum of lo. (peak) for ports P4, P5, P6, P7, and ¢: must be 80mA or less, and the sum of lox (peak) for 
ports P4, P5, P6, P7, and @: must be 80mA or less. 
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7.3 Electrical characteristics 
7.3.3 Electrical characteristics and A-D converter characteristics 


Electrical characteristics (Ta=25°C, f(Xin)=8MHz, unless otherwise noted) 


Ao—A7, As/De—Az23/D7, Vec=5V, lon=—-10MA 


3 V 
P43—P47, P5o-P57, P6o—Po7, | 


P7o-P77, P80-P87, ou, 
Vec=5V, lox#=—400UA 7 V 





High-level output voltage 










Ao—A7, As/Ds—Az3/D7, 1, 


HLDA, BHE, R/W 


BAN 


Vec=5V, lox=-10MA 
Vec=5V, lox=—400UA 
Vec=3V, loH=-1MA 
Vec=5V, lony=-10MA 
Vec=5V, lon=—400UA 
Vec=3V, lon=-1MA 























= = 
















































Vou Ao-A7, As/De—Az3/D7,  |Vcc=5V, lov=10MA i 
P43—P47, P5o-P57, P6o—P67, 
P7o-P77, P80-P87, or, Vec=3V, lo=1mA rl 0.5 
HLDA, BHE, R/W 
Vo Low-level output voltage Ao—Az, As/Ds—Az2s/D7, gi, |Voc=5V, Io.=2mA 0.45 
HLDA, BHE, R/W 
pe fewee output voltage ALE Vec=5V, lor=10MA ae eae RS 
Vec=5V, lo.=2mA PT | 0.48 | 
Vec=3V, lo=1mMA Ff 04 
Vor Low-level output voltage E Vec=5V, lor=10MA as Soa Foe 
Voc=5V, loc=2mA Ft O04 
Vec=3V, loc=1mA a ie ee 
Vi4—Vt-|Hysteresis HOLD, RDY, TAOin-TA4in, TBON-TB2n, | Voc=5V O04 |. | 4 
___INTo-INTe, ADtaa, CTSo, CTS1, CLKo, CLK1| Vec=3V ce 
aie ic RESET Vec=5V 02; °&2| 05] 
Vecs3V “(Cd | 
i, et ety 
Vece3V0 Cid OOS 
la High-level input current  As/Ds—Az3/D7, P4:-P47,  |Vcc=5V, Vi=5V = 
-P50-P57, P60-P67, P70-P77, 





P8o—P87, Xin, RESET, CNVss, 
BYTE, HOLD, RDY 
As/Ds—Az23/D7, P43-P47, 
P50-P57, P6o—P67, P70-P77, 
P80-P87, Xin, RESET, CNVss, 
BYTE, HOLD, RDY 













Low-level input current 


Vec=3V, Vie3V = 
Vec=5V, Vi=0V -— 


Vec=3V, Vi=0V 


RAM hold voltage When clock is stopped. 2 


aoe 

loc ower supply current Output only |f(Xi)=8MHz, [Vcc=5V]_— 
pin is open| square waveform|Vcc=3V] | 

eet | 


BAN 


ani, 


andotherpins| Ta 

are Vss during| when clock is stopped 
reset. Ta=85°C 

when clock is stopped. 
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7.3 Electrical characteristics 


A-D converter characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted 


) 
| 8 | Bits | 
+ 














| -—=  |Resolution | | Vrer=Voc | ee Rie 
Ladder resistance VrereVeo CT 10 
Vacr__|Referencevoltage = “as dT s—“‘“‘ic 
\Via___|Analoginputvoltage 





7.3.4 Timing requirements 
Timing requiements (Vcc=2.7 to 5.5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted) 


External clock input 
Symbol Parameter 


External clock input cycle time 
External clock input high-level pulse width 


External clock input low-level pulse width 
External clock rise time 
External clock fall time 


Microprocessor mode 





Symbol! Parameter 


Data high-order input setup time —__ 
Data low-order input setup time 
Port P4 input setup time 

Port P5 input setup time 

Port P6 input setup time 

Port P7 input setup time 


[feuic6-+) [HOLD 

neon [Data high-order input holdtime—=—S=—~—~—SC—SSC‘CSC~C~S~CS~CS~S~CS~S | Sid 
[tne-00 [Data low-order inputholdtime —~=~=~C~—“‘“‘“~SSSC~C~C~—CSY ST Cd 
fiero) [Port P4inputhoidtime —SCSC~—<“—~S~SC—CSCSCSCS CY 
Port PS input hold time Se OL 


the-Ped) | Port P6 input hold time 
Port P7 input hold time 
Port P8 input hold time 


HOLD input hold time 
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7.3 Electrical characteristics 


Timer A Input (count input in event counter mode) 











| 
TAiin input cycle time | 250 | | ons. 
TAi input high-level pulse width | 125 | | ons | 
TAiin input low-level pulse width | 125 | =| ons | 








Timer A input (gating input in timer mode) 










| 
[sean gm 
ftwtaH) | TAininputhigh-levelpulse width = “a ‘a CC tit—‘“‘CSC;™;C;*C‘*drS«CS‘SOO’SCd*s 
[twa [TAiw input low-level pulse width ——=S~CS~S B00 






Timer A input (external trigger input in one-shot pulse mode) 





TAiw input cycle time 500 | |sns | 
TAin input high-level pulse width | 250 | | ons | 
twiTAL) TAin input low-level pulse width 250 


Timer A input (external trigger input in pulse width modulation mode) 








Symbol Parameter 


TAi input high-level pulse width 
TAiin input low-level pulse width 


Timer A input (up-down input in event counter mode) 


TAiout input cycle time 
TAiout input high-level pulse width 
TAiout input low-level pulse width 
TAiour input setup time 
TAiour input hold time 









Timer B input (count input in event counter mode 


( ) 
Symbol Parameter 
‘tecta) ‘| T Bin input cycle time (one edge count) 





ftwTsH) | T Bin input high-level pulse width (one edge count) 
twiTBL) TBiw input low-level pulse width (one edge count) 
tecT@) 
260 
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7.3 Electrical characteristics 





Timer B input (pulse period measurement mode) 


Symbol 


TBiw input high-level pulse width 
TBin input low-level pulse width 





Timer B input (pulse width measurement mode) 












TBiw input cycle time 1000; [ns | 
TBiw input high-level pulse width | 500 | | ns 
TBin input low-level pulse width | 500 |  —s{_ns | 








A-D trigger input 


7 


tian) [ADrra input cycle time (minimum allowable trigger) 2000/| |oons | 
ADtac input low-level pulse width | 250 | = {sons | 























Serial I/O 













| 
Parameter Min, | Max. Unit 
tick) | CLKi input cycle time | 500 |  ——si|_sins 
CLKi input high-level pulse width | 250 | 
twoxt) _[CLKiinputlow-levelpulsewidth HO 
tcc) | TxDioutputdelaytime 70 | 
tinc-a) 30 | |_ns | 
ftuo-c) |RxDiinputsetuptime CT 8s 
tyc-o) —|RxDiinputholdtime CC sSC—“‘“‘(‘CSC*sLC OO STs 





External interrupt INTi input 


Limits ; 


tw(iNH) INTi input high-level pulse width 250 | i ||sons | 
twiINl) INTi input low-level pulse width 250 | ~—s«| sens | 
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7.3.5 Switching characteristics 


7.3 Electrical characteristics 


Switching characteristics (Vcc=2.7 to 5.5V, Vss=0V, Ta=25°C, f(Xin)=8MHz unless otherwise noted) 


Microprocessor mode (when wait bit is “1”) 


Symbol Parameter 


: 


d(AL-E) Address low-order output delay time 
d(E-DHQ) Data high-order output delay time (BYTE="L”) 
Floating start delay time (BYTE=“L") 
Address middle-order output delay time 


_— 





HLDA output delay time 
ALE output delay time 
ALE pulse width 

BHE output delay time 


HLDA oulputdelaytime SSS 


td(E-9., ¢: Output delav time 

Address middle-order hold time (BYTE="L”) 

Data high-order hold time (BYTE="L”) 

Floating release delay time (BY TE="L”) 

th(E-Am) Address middle-order hold time (BY TE=“H”") 

Address high-order hold time ia 

Data low-order hold time 

te(e-Psq)_ 
ta(e-Pea) 


Fig. 7.3.1 


Test conditions ya na UM 
oe eee 


| | 130 | ns 
_ | 10 | ns | 
| 50 | | ns 
40 | | ns 
peas | ns_| 


| | 300 | ns 
| | 300_| ns 
| | 300 | ns _| 
| | 300_ | ns 
(210 {| | ns 
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7.3 Electrical characteristics 


Microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


ate 


Address low-order output delay time 
Data high-order output delay time (BYTE=“L”) 


Floating start delay time (BYTE="“L") 
| 
ALE output delay time 


or SuIpUt delay time 
Address low-order hold time 


Address middie-order hold time (BYTE="L” 
Data high-order hold time (BYTE="L") 
Floating release delay time (BYTE=“L”") 
Address middle-order hold time (BY TE="H”") 
Address high-order hold time 
Data low-order hold time 
Floating release delay time 


peste BE hold time 


R/W hold time 
Port P4 data output delay time 


Port P5 data output delay time 
Port P6 data output delay time _ 
Port P7 data output delay time _ 
Port P8 data output delay time 


E pulse width 


Ao-A7 
As/Ds-A23/D7 
P4 

P5 

P6 

P7 

P8 
HLDA 
ALE 
BHE 
R/W 
gr 

E 





Fig. 7.3.1 Testing circuit for ports 
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7.3.6 Equations for calculating the parameters 
Table 7.3.1 shows the equations for calculating the following parameters. 


td(BHE-E)............ 


ae ALE pulse width 

ite E pulse width 

eee Address output delay time 
hers Address output delay time 


eke BHE output delay time 


Table 7.3.1 Equations for calculating parameters 


~~] M37732S4LGP, M37732S4LHP 


f(XIN) 


tw(ALE) 


tw(EL) 
Wait bit = “1” 


Wait bit = “Oo” 


td(AL/AM/AH-E) 


td(BHE-E) 
td(R/W—E) 


tpzx(E-DLZ/DHZ) 


th(E-AL/AM) 
th(E-DLQ/DHQ) 


td(AM/AH-ALE) 


f(XIN) < 8BMHz 


1X 10° 
f(XIN) ee 
2% 4G 
f(XIN) 
4X 10° 
f(XIN) se 
1 x 10° 
50 + (XIN) 7 125 
1 Xx 10° 
(XIN) 20 
1X 10° 
2x xin) ~ 1% 
1X 10° 
f(XIN) mee 


Unit : ns 


7.3 Electrical characteristics 


eee ahs R/W output delay time 


tpzx(E-DLZ/DHZ)....... Floating release delay time 
th(E-AL/AM) ........ Address hold time 


th(E-DLQ/DHQ) ......... Data hold time 
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7.3.7 Timing dlagram 


Timing diagram 
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f(Xin) 


Port P4 output 


Port P4 input 


Port P5 output 


Port P5 input 


Port P6 output 


Port P6 input 


Port P7 output 


Port P7 input 


Port P8 output 


Port P8 input 


7.3 Electrical characteristics 


te 


4 


— ta(E-P40 
. 


tsu(P4D-E — 
me th(E-P4D) 


{ 


= ta(E-P5Q 


tsu(P5D-E 


— 
i th(E-P5D) 
td(E-P6Q 

-) 


{ 


tsu(P6D-E 


— 
pee thiE-P6D) 
ta(E-P70 
BD 


( 


tsu(P7D- 


pas 
ea th E-P7D) 
ta(E-P8Q 
r} 


( 


tsu(P8D- 


E) — 
Pe th(E-P8D) 


tW(H) tw(L) 
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te(TA) 
eerie 
TAiin input 
tce(UP) 
aa 
TAiout input 


Cw) —~«iS 


TAiout input 
(Up-down input) 


In event counter 
mode TAIN input 


(When count by falling) 


TAin input - — 
(When count by rising) 


te(TB) 





TBiin input 
ADrtra input 
te(CK) 
[peered 
CLKi 
thic-) 

V0 >, ee 
RxDi 

INTi input 





tw(iINH) 





231 


LOW SUPPLY VOLTAGE VERSION 


7.3 Electrical characteristics 


Microprocessor mode 


(When wait bit="1”) 


mi 
N 
. 


RDY input 


(When wait bit="0”) 


oy 


E / 


nwo [pane 


RDY input 


(When wait bit="1” or “O” in common) 


or 


{su(HOLD-91) 


HOLD input 






td(o1-HLDA) td(¢1-HLDA) 


HLDA output 


Test conditions 

*Vcc=2.7 to 5.5V 

«Input timing voltage > Vi=0.2Vec, ViH=0.8Vc 
‘Output timing voltage =: Vo_=0.8V, Vox=2.0V 
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Microprocessor mode (When wait bit="1”) 


twiL) tw(H) tt tr tc 
f(Xin) 
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As/Da—A1s/Dis toxz(E-DHZ) tpzx(E-DHZ) 
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ene (|| Address |} | Address |) 
(BYTE="H") Address Address 





tsu(DH-E) ee} th(E-DH) 
De—Di5 input 
os 2 tozte-012 
Ate/Do—Az23/D7 
put | 
eC tsu(DL-E) th(E-DL) 
[eno sey -—+- 
Do-—D7 input 
as 
d(ALE-E) 
ALE output 
d(BHE-E) 
ia pete 
SFE ous — 
ta(R/w-E) 
th(E-R/W) 
R/W output 


Test conditions 

° Vec=2.7 to 5.5V 

¢ Output timing voltage : Vo.c=0.8V, Vou=2.0V 

* Do—D15 input > Vi=0.16Vec, Vix=0.5Vc 
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7.3 Electrical characteristics 


Microprocessor mode (When wait bit=“0”’, and external memory area is accessed) 


f (Xin) 


oi 


mi 


Ao—A7 output 


As/Ds—Ai5/D15 
output 
(BYTE="L”) 


As—Ais5 output 
(BYTE=“H") 


Ds—D15 input 


Ai6/Do—Az23/D7 
output 


Do—D7 input 


ALE output 


BHE output 


R/W output 


Test conditions 

¢ Vcc=2.7 to 5.5V 

¢ Output timing voltage 
¢ Do—Dis input 
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‘ Vor=0.8V, Von=2.0V 
‘Vii=0.16Vecc, Vin=0.5Vcc 
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7.4 Standard characteristics 
The data described in this section are characteristic examples for M37732S4LHP. The data is not guaran- 
teed value. Refer to section “7.3 Electrical characteristics” for rated values. 

7.4.1 Standard port characteristics 


(1) Programmable 1/O port (CMOS output) P channel lon—-Voun characteristics 


Supply voltage Vcc=3V 


P channel 


[OH [mA] 





(2) Programmable I/O port (CMOS output) N channel lo.—-Vo. characteristics 


Supply voltage Vcc=3V 


loL [mA] 


TEER AT 





VoL [V] 
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7.4.2 lcc—f(Xin) standard characteristics 


(1) lec-—f(Xin) characteristics on operating and at reset 


Measurement condition (Vec=3V,Ta=25°C, f(XIN): square wave input, microprocessor mode) 








(Xin) [MHz] 


(2) Icc—f(Xin) characteristics during wait 


Measurement condition (Vcc=3V,Ta=25°C, f(Xin): square wave input, microprocessor mode) 


2.0 


Icc [MA] 


1.0 





5 10 15 
f(Xin) [MHz] 
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7.4 Standard characteristics 


7.4.3 A-D converter standard characteristics 

The lines at the bottom of the graph indicate the absolute precision errors. These are expressed as the 
deviation from the ideal value when the output code changes. For example, the change in output code from 
0416 to 0516 should occur at ANi=52.7mV, but the measured value is 2.9mV. Therefore, the measured point 
of change is 52.7+2.9=55.6mV. 


The lines at the top of the graph indicate the input voltage width for which the output code is constant. For 
example, the measured input voltage width for which the output code is OFie is 12.4mV. Therefore, the 
differential non-linear error is 12.4-11.7=0.7mV (0.06LSB). 


[Measurement condition] 


@ Vcc = 3V 
@ Vrer = 3V 
@ Xin = 8MHz 


@ Temp. = 25°C 
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M37730 GROUP 


8.1 Description 





8.1 Description | 

The M37730 group is an external ROM version 16-bit microcomputer designed with high-performance silicon 
gate CMOS technology. It is housed in an 64-pin plastic molded QFP or 64-pin shrink plastic molded DIP. 
This microcomputer has a large 16M-byte address space, three instruction queue buffers, and two data 
buffers for high-speed instruction execution. The CPU is a 16-bit parallel processor that can also be switched 
to perform 8-bit parallel processing. This microcomputer is suitable for office, business, and industrial 
equipment controllers that require high-speed processing of large amounts of data. 

M37730 group has the same functions as M37732 group except for a few parts. Therefore, the differences 
between M37730 group and M37732 group are mainly described in this chapter. M37730 group has the 
same functions as M37732 group except for the functions described in this chapter. Therefore, refer to 
“CHAPTER 2. FUNCTIONAL DESCRIPTION” for them. 





8.1.1 M37730 group 
The M37730 group consists of chips shown in Table 8.1.1 with the M37730S2FP as the base chip. The 
differences between these chips are the operating clock frequencies and the package outlines. Hereafter, 
the M37730 group microcomputers will be referred to simply as the M37730S2FP unless there is a specific 
difference by version. 


Table 8.1.1 M37730 group 


| ROM RAM Clock 
Type name size size frequency | Package Remarks 
bytes) bytes) el 


M37730S2FP 

M37730S2AFP ie arena A | High-speed version of M37730S2FP 
M37730S2BFP as high-speed version of M37730S2FP 
M37730S2SP External 1024 

M37730S2ASP / era High-speed version of M37730S2SP 
M37730S2BSP Super high-speed version of M37730S2SP 
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8.1.2 Performance overview 
Table 8.1.2 shows the performance overview of M37730S2FP. 


Table 8.1.2 M37730S2FP performance overview 
Parameters Functions 
Number of basic instructions 103 


Instruction execution time 500ns (the fastest instruction at 8MHz frequency) 
250ns (the fastest instruction at 16MHz frequency) 
160ns (the fastest instruction at 25MHz frequency) 

Operating clock frequency 8MHz (maximum) 
16MHz (maximum) 


M37730S2BFP, M37730S2BSP 25MHz (maximum) 
Memory siz 1024 bytes 





Input/Output ports Ports P5, P6 8 bits X 2 
4 bits x1 
Multi-function timers 16 bits x 5 
TBO 16 bits x 1 
Serial I/O (UART or clock synchronous serial I/O) X 1 
Watchdog timer 12 bits x 1 
Interrupts 3 external, 11 internal (priority levels 0 to 7 can be 
set for each interrupt with software) 
Clock generating circuit Built-in (externally connected to a ceramic or 
crystal resonator) 
Supply voltage 5V+10% 
Power dissipation 30mW (operating clock frequency = 8MHz ) 
Input/Output characteristics 5V 
Output current 5mA 
Memory expansion Maximum 16M bytes 
Operating temperature range —20 to 85°C 


Device structure High-performance silicon gate CMOS process 


Package M37730S2FP/AFP/BFP 64-pin plastic molded QFP 
M37730S2SP/ASP/BSP 64-pin shrink plastic molded DIP 
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8.1.3 Pin configuration 
Figure 8.1.1 shows the M37730S2FP pin configuration and figure 8.1.2 shows the M37730S2SP pin configuration. 


}2 | <<» PEa/INT2 
12] +» P€6s5/TBOIN 


<> P62/INTo 


FT] <= P80/CTSo/RTSo 
1 | <<» P81/CLKo 


LB) PEs/TA4IN 


8 | 
w 


LR] +> PG6a/INT: 


P60/T A4out/RTP13 <<» Aa 
P57/TASIN <» As 
P5e6/T A3o0uTt/RTP12 <>» As 
P5s/TA2IN/RTP11 <> > AZ 
P54/T A2ouT/RTP10 <<» As/Ds 
P53/TA1iN/RTPO3 ~<» [6 | Ag/Dog 
P52/T Atout/RTP02 <» A10/Di0 
P51/TAOIN/RTPO1 <» [8 | +> Ayi/Di1 
P50/T AOout/RTP0o0 <» [9 | + Aj2/Di2 
+ Ai3/D13 
+> Aia/Di4 
+ > Ais/D15 
<> Aic6/Do 
<> Ai7/D1 
© Ais/D2 
+> A19/D3 


O 


Outline 64PEN—A 





Fig. 8.1.1 M37730S2FP pin configuration (top view) 
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Voc 164] <-> P80/CTSo/RTSo 
P67 <>[2 | [63] +> P81/CLKo 
P66 +>| 3. 162] «> P82/RxDo 
P6s/TBOIN <> <> P83/TxDo 
P64/INT2 «>| 5 | —> Ao 
P63/INT1 «>[6_ —> Ai 


P62/INTo <> —> A2 


P61/TA4IN «>| 8 | —> A3 
P60/TA40uT/RTP13 «>| 9 | —> A4 
P57/TASIN +> —> As 
P56/TA30uUT/RTP 12 «> — > Ac 
P55/TA2IN/RTP11 <> —> A7 
P54/TA2ouT/RTP10 «> +> As/Ds 
P53/TAIIN/RTPO3 <> <> Ao/Do 
P52/TA1ouT/RTPO2 <> +» Aio/Di0 
P51/TAOIN/RTPO1 #>/16 <> Ai1/D11 
P50/TAQOUT/RTPOo <> + Ai2/D12 
P47 <> <> A13/D13 
P46 <> <> Ai4/D14 
P45 «>| 20| <> Ai5/D15 
P44 +> | +> Ai6/Do 
P43 +> <> Ai7/Di 
¢1 +—|23| +» Ais/D2 
RDY — +> Ai9/D3 
HOLD —>| 25) +> A20/D4 
BYTE —>|[26| +> A21/D5 
CNVss —> +> A22/De 
RESET —> +> A23/D7 
Xin —> [29 —> RW 
Xout +—[30| — BHE 
E<+—(31, —> ALE 
Vss —> HLDA 


Outline 64P4B 


Fig. 8.1.2 M37730S2SP pin configuration (top view) 
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8.1.4 Pin description 
Table 8.1.3 shows the pin description. 


Table 8.1.3 Pin description (1) 





Pin | Names Input/Output ~___Functions 
Vec, Vss |Power supply = | | Supply 5V+10% to Vcc and OV to Vss. 
CNVss |CNVss input. | ~SInput_—_ | Connect to Vee. 
RESET The microcomputer is reset when this pin is set to “L” 
: level. 


XIN ee ee These are the I/O pins of the internal clock generating 
circuit. Connect a ceramic or crystal resonator between 

Xout Clock output Xin and Xout. When an external clock is used, the clock 
source should be connected to the Xin pin and the Xourt 

| pin should be left open. 
Enable output Data or instruction read and data write are performed 
when output from this pin is “L” level. | 

BYTE Bus width selection input This pin determines whether the external data bus is 8- 
signal level is “L” and 8 bits when the signal level is “H”. 


mi 


or This pin outputs the clock ¢: which is divided the clock to 

Xin pin by 2. 

RDY ee ee The microcomputer is in Ready state while “L” level is 
input to this pin. 

HOLD The microcomputer is in Hold state while “L” level is input 


to this pin. 


HLDA This pin outputs “L” level when microcomputer is in Hold 
state. 

R/W The read/write signal indicates the data bus state. The 
‘data bus state is read when this signal is “H” level and 
write when “L” level. 

BHE Pp inmenetenacnea aper | “L” level is output when an odd-numbered address is 
accessed. 

ALE ene | ee | This is used to obtain only the address from address and 


data multiplex signals. 

Ao—A7 | Address bus low-order output | Output | Low-order 8 bits (Ao—A7) of the address bus are output. 

As/Ds—A15/D15| Address bus middle-order output/ /O @When the external bus width is 16 bits. (The BYTE pin 

Data bus high-order I/O is at “L” level.) High-order 8 bits (Ds—D1s) of the data 

bus are input or output when the E output is “L” level. 
Middle-order 8 bits (As—A1s) of the address bus are 
output when E output is “H” level. 

@When the external bus width is 8 bits. (The BYTE pin is 
at “H” level.) Middle-order 8 bits (As—A15) of the address 
bus are output. 

/O Low-order 8 bits (Do—D7) of the data bus are input or 
output when the E output is “L” level. High-order 8 bits 
(A1e—Azs) of the address bus are output when the E output 
is “H” level. 







A1ie/Do—Az3/D7| Address bus high-order output/ 


Data bus low-order I/O 
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Table 8.1.3 Pin description (2) 


Pin | = Name —_| Input/Output Functions 
P4s—P47 | 1/O port P4 /O Port P4 is a 5-bit CMOS 1/O port. This port has a data 


direction register and each pin can be programmed for 
input or output. 
P50-P57_ ‘| I/O port P5 /O Port P5 is an 8-bit CMOS I/O port. This port has a data 
direction register and each pin can be programmed for 
input or output. These pins also function as I/O pins for 
timers A0-A3. 
P60-P67 | I/O port P6 //O This port is an 8-bit 1/O port with the same function as 
P5. These pins can be programmed as 1/O pins for 
timer A4, external interrupt input pins for INTo—INT2, and 
input pin for timer BO. 
P80-P83 | I/O port P8 /O This port is an 4-bit I/O port with the same function as 
P5. These pins can be programmed as CTS/RTS, CLK, 
RxD, TxD pins for UARTO. 
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8.1.5 Block dlagram 
Figure 8.1.3 shows the M37730S2FP block diagram. 
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Fig. 8.1.3 M37730S2FP block diagram 
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8.2 Functional description 

The functions of the M37730S2FP are described below. The differences between the M37730S2FP and 
M37732S4FP are mainly described in this section. M37730S2FP has the same functions as M37732S4FP 
except for the functions described in this section. Therefore, refer to “CHAPTER 2. FUNCTIONAL DESCRIPTION” 
for them. 

Table 8.2.1 shows the differences between M37730 group and M37732 group. 


Table 8.2.1 Differences between M37730 group and M37732 group 


Functions M37732 group 
Memory size RAM ......2048 bytes 
Interrupts 19 sources 

3 sources 

pp Sources NS sources 
I/O ports eee en <r, 

5 bits 

8 bits 

a ee et emer ae 8 bits 

POH PT 8 IS 


8 bits 

Timer 16 bits x 8 
16 bits x 5 (Timer AO to A4 16 bits X 5 (Timer AO to A4 
Timer B |16 bits ¥ 1 (Timer BO) 16 bits * 3 (Timer BO to B2) 


Pulse output function | 2 (It is possible to control pulse output | 2 
(enable/disable) by setting of register or 
external input signal.) 

De re et ee a re we 


Serial I/O 
ae Clock asynchronous/synchronous Clock asynchronous/synchronous 


|UART1 | Clock asynchronous/synchronous 
A-D converter One 8-bit resolution 
8-channel analog input pin 
Package 64-pin plastic molded QFP (64P6N) 80-pin plastic molded QFP (80P6N-—A) 


64-pin shrink plastic molded DIP (64P4B) | 80-pin plastic molded QFP (80P6S-A) 
80-pin plastic molded fine-pitch QFP (80P6D-A) 
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8.2.1 Addressable memory space 

The M37730S2FP allocates internal RAM, external memory, I/O, and various control registers in the same 
memory space. Therefore, data transfer and operation can be performed with the same instruction without 
distinguishing memory: and I/O area. 

Program counter (PC) consists of 16 bits. It is used together with an 8-bit program bank register (PG) to 
directly access a 16M-byte address space from O16 to FFFFFFe. 

Figure 8.2.1 shows the addressable memory space. Internal RAM size, SFR memory allocation and interrupt 
vector table memory allocation are different from M37732S4FP. 


O16 
Special function registers 


7Fie 
8016 





Internal RAM 


47Fie 
; ; Bank O16 
; ; 
é vs 
é é 
4 é 
? ? 
e é 
é ¢ 
? é 
r) é 
4 4 
Visdetecuiverdsasvsssseaeesletsensee 4 
FFDCi6 ; i 
; Interrupt vector table 
sala a ae ere ae eer 
1000016 + y 
; y 
é é 
é é 
; ; Bank 116 
; ; 
# ¢ 
é é 
; y 
POP SL LEE LETTE EEE E ATOLL EEE LEE ¢ 
2000016 ; ; 
Pocte sith elie CHEF ESL EFS LESS LS 3 
FEO000:6 ; ‘ b 
é é 
é é 
Bank FE16 
; (Bank 254) 
y y 
é é 
; 4 
PESTLE ELE LLP LHL LPL EL ELLE LEE EL HELE EE SL ) 
FFOOO0O16 + 4 
é é 
é é 
é 
4 ‘ Bank FFi6 
4 
; 4 (Bank 255) 
é é 
4 é 
¢ é 
F F F F F F 1 6 mR eae ee ee ee ee ee ee J ee Ae 


[__]: internal area 


CHIT OHI GS 


‘ ‘: External area 


ferrrre 


Fig. 8.2.1 Addressable memory space 
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8.2.2 Memory allocation 

SFR (Special Function Registers) and internal RAM are allocated in internal area of bank 016. ROM must 
be connected to the external memory area because the M37730S2FP is an external ROM version. 
Figure 8.2.2 shows the memory map. 


(1) SFR (Special Function Registers), internal RAM and external memory area. 
The allocated SFR, internal RAM and external memory area are described below. 


@ SFR area 
Addresses 0000:6 to 007Fie of bank O16 are the SFR (Special Function Registers) area. This area 
contains the control registers of internal peripheral devices, |/O ports, timers, and so on. Internal 
peripheral devices can be accessed through these registers. Figure 8.2.3 shows the memory map of 
the SFR area. 
Each bit in the register can be either read-only, write-only, or read/write bit. 
Refer to each block description for the register function in the SFR area. 
Refer to section “8.2.9 Reset” for the state of the SFR at reset. 


@ Internal RAM area 
A 1024-byte static RAM is allocated at addresses 008016 to 047Fie of bank O16. In addition to storing 
data, the internal RAM area is used as stack area during subroutine calls and interrupts. Therefore, 
be careful of subroutine nesting levels and multiple interrupt levels so that important data is not 


cestroyed. 


@ External memory area 
External memory can be set to a 16M-byte space of banks O16 to FF1e excluding SFR area (addresses 
000016 to 007Fie) and internal RAM area (addresses 008016 to 047F ie). 
The interrupt vector table allocated to addresses FFDCie to FFFFie of bank 016 must be set in ROM. 
This area contains the start address of the interrupt service routine for each interrupt source and 
reset. 
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00000016 
mem Refer to Figure 8.2.3 for SFR area memory map. 


SFR area 


00007Fie 
00008016 


prtbes dot Interrupt vector table 
y 4FFDCie 





j 
; FFDE16 
00047Fi6 3 i FEO. 
; ; FED. 
; ff 
j iene Timer BO 
: H FFE6:6 Timer A4 
; ; } FFE816 Timer A3 
yong bene Timer A2 
; j FFECts Timer A1 
; Peo Timer AO 
j FFFOt6 INT> 
; ; i FFF2t6 [ ea 
7 ; j FFF 416 INTo 
i j Ero Watchdog timer 
| ; } FFF816 DBC (Note) 
7 Hy FFFAt6 BRK instruction 
OOFFDCi6 & ad FERC Zero division 
i FFFE1s 
OOFFFFie ¢ Debs Uousesdeessesbassiee. 
[_] :Internal area 
{" }:External area 
Note: DBC . an interrupt for the exclusive use of the debug control interrupt and is not used, 
usually. 


Fig. 8.2.2 Memory map 
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Address (Hexadecimal notation) Address (Hexadecimal notation) 


oooo00 [| S™~<“C;~;™CC + ~— 00040 [Count start flag 

oo000i ff Ss~<CS;S*t”té‘S;S;SCCCCCTCCCC~C~dY 3Si‘(‘iéi kts DTDTTTOC™C™~“C.T.OCOC‘“C(R’NNNCOCOC#®’S 
oooooz2 [| S™~<“C~*™SCCC™CT._|~—-00042 | One-shot start flag 

000003 [iti t—t—SCSS 
ooo [| SO™~<C~;S*™*~‘“—~S™~™”CCCO™O™O™OCOCOCSCSC*SsSs*“‘‘SSC(é‘éiéOCQOGG-[_Up-down flag 

000006 000046 

pO a ee SO 

oooos [—SO™~<C~S;~*‘“‘S;STTTTCCCCCC*@~:~C~« KB 7 

ee CO 

OO000A Port P4 register 00004A 

00000B | Port P5 reqister cocoa | Umer ne register 

00000C Port P4 direction register 00004C 

00000D Port P5 direction register 00004D Timer A3 register 

OOO000E Port P6 register O0004E 

o0000F [tana | ier A 

000010 Port P6 direction register 000050 

OW ce, “Os 

000012 [~ Port Pé register oooos2 [| SséC<CS;7«7; XETCé<~;S;SS”*~*~*~*~*” 
i ee | |(OOSSe e 
000014 [_ PortP8 direction register ooo0s4 [| StC~<C;C;C™~™~COTTOCOCC*‘*édY 
MOI. | ts ee ee | ONS er ee 
000016 7 000056 | Timer AO mode register 

066017 060657 Timer A1 mode register 


000018 


000019 000059 Timer A3 mode register 7 
00001A 00005A imer A4 mode register 


00001B 


000016 Sovtee (nae 
00001D pone ee ee 
00001 00008E 
00001F OOS eee ee ee at 


000020 000060 
000021 000061 Watchdog timer frequency selection flag 


000022 


000023 2.0.0 0 een nian nee pene Ete 
000024 000064 Pulse output data register1 
000025 000065 Pulse output data registerO 


000026 GO006E. ee 
000027 QO006 7 i ee 
000028 000068 [| ——(‘“‘“‘“‘“‘iéOOSOSOSOOCr 
000029 OO0069 i en ae So ee 
00002A OOOO6A |e 
00002B QOO0GB ln oo ca ee ee 
00002C oo00ec [| —i—i‘ ‘sé 
00002D o0006gD | —(‘(‘“‘“‘“‘O;O™OCOCOCOCSCSCCC*dz 
OO0002E OOO006E 
00002F OOOO6F 

de ee ee eae ne el 


000030 


000031 000071 
000032 | 000072 
000034 ee 
000035 000075 
000036 | . 000076 
ooooss [SSSSSCSCSCSCSSSC~‘C~S~CS*diC*«él OB 
oooosa [SSSCSCSCSSCCC‘;CS~*di;C*«é«tl OG 
oooosa [—SSSSCSCSCSCSSCSCSCSCSSYSCSC0 7A 
googse) Oe | 
oooosc [SS OOOCOSOSOYCti«éitOG [SCSSSCSCSSSSSSSSSSSSSSSSSSCTTTTC~*Y 
oo00sD [SOSCSSCSCSCSCSSCSCSCSC‘“‘“‘CSSS*+d;SC;*«éOD 
oooosE [—SSSSCSCSCSSSSSCCCSCS*YYSC«éOOE 
oooose [TOSS] (00 07F 





UART 0 transmit/receive mode register 


Fig. 8.2.3 SFR area memory map 























000058 


00005B 


000062 


000070 




















Timer A2 mode register 


















Timer BO mode register 


Waveform output mode register 
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(2) Processor mode 
M37730S2FP can operate in microprocessor mode. ROM, RAM and peripherals can be expanded to 
any area (except for SFR and internal RAM area) within a 16M-byte addressable memory space. 
Figure 8.2.4 shows the structure of the processor mode register. Bits 2 to 5 of the processor mode 
register have the same function as the M37732S4FP. Therefore, refer to section “2.4.3 External 
memory area bus control” for wait bit, section “2.6.6 Interrupt priority level detection time” for interrupt 
priority detection time selection bits and section “3.3 Software reset” for software reset bit. 











b2 b1 »b 


b6 bd 4 b3 0 


Fix this bit to “0”. 
Fix this bit to “1”. 


Wait bit 
0 : Wait during external access 
1 : No wait 

















Software reset bit | 
1 : Software reset activated by writing “1” 


Interrupt priority detection time selection bits 
00 : 7 cycles at internal clock ¢ 

01 : 4 cycles at internal clock @ 

10 : 2 cycles at internal clock @ 

11: This is not available. 


Fix this bit to “O”. 
Note: Bit 7 is undefined at reading. 


Bits 0 and 2 to 6 are cleared to “0” at reset. 
Bit 1 is set to “1” at reset. 






Fig. 8.2.4 Processor mode register structure 
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8.2.3 Input/Output pins 

The M37730S2FP has 25 programmable I/O pins: ports P4—P6, and P8. Ports P5, P6, and P8 also function 
as I/O pins of the internal peripheral devices. The programmable I/O port and pin function are described 
below. 


(1) Programmable 1/O port 

Each of the programmable i/O poris P4—P6 and P8 has a direction register and a port register in the 
SFR area of bank O16. The direction register can be used to program the port for input mode or output 
mode by one bit. Figure 8.2.5 shows the memory allocation of the direction registers and port registers. 
The differences with M37732S4FP are that the M37730S2FP does not have ports P7 and P8«—P87. 
Therefore, there are no port P7 direction register nor port P7 register and the structure of the port P8 
direction register and port P8 register is different. Figure 8.2.6 shows the register structure of the port 
P4—P6 and P8 direction registers and Figure 8.2.7 shows the relationship between port P4—P6 and P8 
registers and pins. 


Address | | 











A16 
Bic 
C16 
Di6 
E16 
Fi6 
1016 
1116 
1216 
1316 
1416 
1516 
1616 


Port P4 register 


Port P5 register 


Port P4 direction register 
Port PS direction register 








Port P6 register 
Port P6 direction register 


Port P8 register 


Port P8 direction register 


Fig. 8.2.5 Memory allocation of direction registers and port registers 
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b4 b2 bi b0 
Port P4—P6, P8 direction registers 


Port direction selection bits 


0 : Input mode (the corresponding pin is an input pin) 


1 : Output mode (the corresponding pin is an output pin) 


Bit 7 | b6 | bS | b4 | bS | b2 | bt | 
Corresponding pin | Pi7 hepa tre tre Tre eit Pe (i=4 to 6, 8) 


Note: These registers are cleared to “OO16” at reset. 
There are no pins corresponding to the low-order 3 bits of port P4 direction register. 
There are no pins corresponding to the high-order 4 bits of port P8 direction register. 





Fig. 8.2.6 Port P4—P6, P8 direction registers structure 


b4 b1 
| ww oo mt 


Port Pio 
Port Pit 
Port Pie 
Port Pis 
Port Pia 
Port Pis 
Port Pie 
Port Piz (i=4 to 6, 8) 


Note: These registers are undefined at reset. 
Data input/output is performed by reading or writing the corresponding bit to the pin. 
There are no pins corresponding to the low-order 3 bits of port P4 register. 
There are no pins corresponding to the high-order 4 bits of port P8 register. 





Fig. 8.2.7 Relationship between port P4-P6, P8 registers and pins 
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(2) 


(3) 


Ports P4—P6, P8 function | 

In addition to the programmable |/O port function, the 20 pins of ports P5, P6, and P8 also function 
as the I/O pins for external interrupt, timer, and serial I/O. Port P4 functions only as programmable 
I/O port. Refer to the respective section for the peripheral device I/O pin function of ports P5, P6, and 
P8. 

Ports P4—P6 and P8 all function as programmable |/O port after removing reset. 

Figure 8.2.8 shows the port peripheral circuit and Table 8.2.2 shows the functions of ports P4—P6, and 
P8. 

When ports P5, P6, and P8 are used as output pins for internal peripheral device, they are forced to 
output mode. To use them as input pins for internal peripheral device, set the port direction register 
to input mode because the contents of the port direction register has higher priority. 


Function of each pin 
The function of each pin is identical to M37732S4FP. Refer to “2.5.3 Pin functions” for details. However, 
pins AVcc, AVss, Vrer, ANo-ANe, and AN7/ADrtre do not exist because the M37730S2FP is not equipped 
with an A-D converter. 








M37730 GROUP 





Ports P43s—P46 
(dotted area not included) 


Ports P47, P57, P61—P67, P82 
(dotted area included, however no 
hysteresis for P82) 


Port P83 
(dotted area not included) 


Ports P50-P56, P60 
(dotted area included) 


Ports P80, P81 


E output pin 


Fig. 8.2.8 Port peripheral circuit 
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ie Direction register ft 
4 


eer 
os 






Data bus 
















Direction register 
eee 
NT Top 


et 






Data bus 






wenn eneeen oo 





kK Direction sige 
q 


aaa 
os 


4 





Data bus 
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Table 8.2.2 Function of ports P4-P6, P8 
Pin Function 2 


Port P4 Programmable |/O ports 
(P43—P47) 











Port P5 Programmable |/O ports TAQout/RTPQo (P50) :Timer AO I/O pin / RTPOo output pin 
(P50—P57) TAOin/RTPO: (P51) :Timer AO input pin / RTPO: output pin 
1 TAtout/RTPO2 (P52) :Timer A1 1/O pin / RTPOz2 output pin 
TA1in/RTPOs (P53) :Timer A1 input pin / RTPOs output pin 
%# RTPOn (n=O to 3) output pin is available when RTPO function 
is selected. 
TA2out/RTP10 (P54) :Timer A2 I/O pin / RTP1o0 output pin 
TA2in/RTP11 (P5s) :Timer A2 input pin / RTP11 output pin 
TASout/RTP 12 (P56) :Timer A3 I/O pin / RTP12 output pin 
% RTP1m (m=0 to 2) output pin is available when RTP1 function 
is selected. | 
TASin (P57) ‘Timer AS input pin 
Port P6 Programmable I/O ports TA4ou1/RTP13 (P60). :Timer A4 I/O pin / RTP1s3 output pin 
(P60-P67) % RTP1s3 output pin is available when RTP1 function is selected. 
TA4in (P61) ‘Timer A4 input pin 
INTo (P62) ‘INTo interrupt signal input pin 
INT: (P63) -INT: interrupt signal input pin 
INT2 (P6a) ‘INT2 interrupt signal input pin 
TBOww (P65 ‘Timer BO input pin 
Port P8 Programmable 1/O ports CTSo/RTSo (P80) ‘UARTO transmit enable signal input pin when 
(P80—P8s) CTSo function is selected 


UARTO receive enable signal output pin when 
RTSo function is selected 

CLKo (P81) ‘"UARTO transmit/receive clock I/O pin 

RxDo (P82) ‘UARTO receive data input pin 

TxDo (P8s) -UARTO transmit data output pin 
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8.2.4 Interrupts 

M37730S2FP has 14 sources of interrupts (3 external and 11 internal). 

The function and operation of the interrupts are identical to M37732S4FP. The structure of each interrupt 
control register is also identical to M37732S4FP. Use the SEB and CLB instructions when setting each 
interrupt control register. 

Figure 8.2.9 shows the memory map of the interrupt control registers. Table 8.2.3 shows the sources of 
interrupts and the corresponding vector address. 









Address 
7016 
7116 
7216 
7316 
7416 
7516 
7616 
7716 
7816 
7916 
7AI6 
7Bié6 
7C16 
7D16 
7E16 

| 7F16 





UARTO transmission interrupt contro! register 


UARTO receive interrupt control register 
Timer AO interrupt control register 


Timer A1 interrupt control register 
Timer A2 interrupt control register 



















Timer A3 interrupt control register 
Timer A4 interrupt control register 


Timer BO interrupt control register 
INTo interrupt control register 


INT1 interrupt control register 
INT2 interrupt control register 


Fig. 8.2.9 Interrupt control registers memory map 
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Table 8.2.3 Interrupt sources and vector address 


Interrupt source Remarks 
address address 
Reset (Note 1 Non-maskable 
Zero division Non-maskable software interrupt 
BRK instruction Non-maskable software interrupt 


DBC (Note 2) OOFFF916 OOFFF8i:s6 | Not used normall 
Watchdog timer OOFFF716 OOFFF616 | Non-maskable interrupt 


INTo External interrupt due to Din input signal 
INT1 External interrupt due to INT: pin input signal 
INT2 External interrupt due to INTz pin input signal 
Timer AO Timer AO internal interrupt 
Timer A‘ Timer A1 internal interrupt 
Timer A2 Timer A2 internal interrupt 
Timer A3 Timer A3 internal interrupt 
Timer A4 Timer A4 internal interrupt 
Timer BO Timer BO internal interrupt 


UARTO reception OOFFDFie OOFFDE:is6 | Valid only when the UARTO function is selected. 


UARTO transmission OOFFDDie OOFFDCte 
Note 1: Reset is included in this table. 
Note 2: The DBC is an interrupt for ine exciusive use of the debug coniro! interrupt and is not used, usually. 
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8.2.5 Timer A, timer B 7 

Timer A of M37730S2FP consists of five 16-bit timers (timer AO to A4). Timer B consists of one 16-bit timer 
(timer BO). 

The function and operation of each timer are identical to M37732S4FP. Refer to “2.7 Timer A” and “2.8 
Timer B” for details. The difference with the M37732S4FP is described below. 


@ The timer B1 and B2 related control registers available with M37732S4FP do not exist in M37730S2FP. 
Figure 8.2.10 shows the memory map of timer related control registers. 


Address 


3916 
4016 
4116 
4216 
4316 
4416 
4516 
4616 
4716 
4816 
4916 
4A16 


Count start flag 








One-shot start flag 


Up-down flag 


Timer AO register 


Timer A1 register 


Timer A2 register 


5816 
5916 
5A16 
5B16 
5C16 


Timer A2 mode register 
Timer A3 mode register 
Timer A4 mode register 
Timer BO mode register 


4Bi6 ne ee ——$ 
4C16 

Timer A3 register 
4D16 
4E1 

: Timer A4 register 

4Fi6 
5016 . 

Timer BO register 
5116 
5616 Timer AO mode register 
5716 Timer A1 mode register 


Fig. 8.2.10 Memory map of timer related control registers 
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@ The structure of port P6 direction register is different from M37732S4FP. Figure 8.2.11 shows the 
relationship between port P6 direction register and timer pins. 
















b2 = bt 


b7 b6 bd 4 b3 b0 


TA4our pin 
TA4in pin 
INTo pin 
INT: pin 
INT2 pin 
TBO pin 


The pins corresponding to these bits function as 
programmable I/O ports. 





Note: This register is cleared to “OOi6” at reset. 


Fig. 8.2.11 Relationship between ror Pé6 direction register and timer pins 


@ The structure of count start flag is different from M37732S4FP. Figure 8.2.12 shows the structure of 
count start flag. 


b4 b b2 bib 


b5 3 0 
Count start flag (address 40:6) 


Timer AO count start flag 
Timer A1 count start flag 


‘Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 


Note: Bits 6 and 7 are undefined at reading. 
Bits 0 to 5 are cleared to “O” at reset. 





Fig. 8.2.12 Count start flag register structure 
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8.2.6 Pulse output function 


The pulse output function (pulse output port mode) of M37730S2FP allows pulse output control (enable/ 
disable) in addition to the functions of M37732S4FP. The pulse output operation is identical to M37732S4FP. 
However, pulse output pins for RTP1 are slightly different. 


Therefore, the register structure and settings of some control registers are different from M37732S4FP. 
Figure 8.2.13 shows the block diagram of pulse output port mode. The differences are described below. 


Waveform output control bit 
(address 6216 bit 7) 


4 5 
Pulse width modulation selection bits 
(address 6216 bits 4, 5) Pd INToO 
RESET-—-d_- 
Timer A3 pulse width 


modulation output 


Timer A1 pulse width S 
modulation output ° 


Puise output data register 1 
(address 6416) 


P60 (RTP 13) 
P56 (RTP 12) 
PSs (RTP11) 
P54 (RTP 10) 


P53 (RTPOs) 
P52 (RTP02) 
P51 (RTP01) 
P50 (RTPOo) 


ge 
Ey 
sc b2 
a 
[bo 


Pulse output data register 0 } 


(address 6516) : ‘ : 
RTPO polarity selection bit 
La (address 6216 bit 3) 





Fig. 8.2.13 Pulse output port mode block diagram 
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(1) Pulse output pin 
The pulse output pin for the RTP13 of the M37730S2FP is shared with port P60 (TA4our). The structure 
of other pulse output pins is identical to M37732S4FP. 
Figure 8.2.14 shows the structure of the pulse output pins and pulse output data.registers 0 and 1. 


RTP13/P60 


Pulse output data register 1 : mr lane RTPI outout 
ee san RTP11/P55 P 


RTP10/P54 


RTP03/P53 


. Pulse output data registerO. 2 RTPO2/P52 


RTPO output 
RTPO1/P51 


(address 6516). 
RTP0Oo0/P50 : 





Fig. 8.2.14 Pulse output pins and pulse output data register 0, 1 structure 
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(2) Pulse output control 
Figure 8.2.15 shows the relationship between port P6 direction register and pins. Figure 8.2.16 shows 
the structure of the waveform output mode register. 
Pulse output is controlled by the waveform output control bit (bit 7 at address 6216) of the waveform 
output mode register. Pulse output is enabled when the waveform output control bit is set to “1”. When 
it is “O”, pulse output is disabled and the pulse output pin becomes floating state. 
When “L” level signal is input to INTo pin (P62), the waveform output control bit is cleared to “0” and 
pulse output is disabled. Refer to page 266 for the enabling procedure after it is disabled. When using 
the pulse output port mode (pulse output function) disabling function with input signal to INTo pin, set 
to input mode by setting bit 2 of the port P6 direction register (address 10:6) to “O”. When the pulse 
output port mode disabling function with input signal to INTo pin is not used, set to input mode by 
setting bit 2 of the port P6é direction register to “O” and pull up externally. 














b4 b3 bi b 


b7 b6~ bd b2 0 
row ar] ae] mw] rw] rw] or erecting eons se 


TA4our pin 
TA4in pin 
INTo pin 
INT: pin 
INT2 pin 
TBOin pin 
The pins corresponding to these bits function 
as programmable |!/O ports. 











Note: This register is cleared to “OO16” at reset. 


Fig. 8.2.15 Relationship between port P6 direction register and pins 
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b7 b6 b4 b3 b2 bi b0 


b5 
| “ R/W | Waveform output mode register (address 62:6) 


Waveform output mode selection bits 


—_ 
| | 00 : Programmable |/O port 

01 : RTP1 selected 

10 : RTPO selected 

11: RTPO and RTP1 selected 
RTPO polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 





RTPO pulse width modulation by timer A1 selection bit 
0 : Not modulated 
1 : Modulated 


RTP1 pulse width modulation by timer A3 selection bit 
0 : Not modutatea 

1 : Modulated 

Waveform output control bit 


0 : Waveform output disabled 
1 : Waveform output enabled 


Note: Bits 2 and 6 are undefined at reading. 
Bits 0, 1, 3 to 5, and 7 are cleared to “O” at reset. 


Fig. 8.2.16 Waveform output mode register structure 
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When pulse output is disabled and pulse output pin becomes floating state with “L” level input to INTo 
pin during pulse output, pulse output is resumed when the waveform output control bit is set to “1” 
after returning the INTo pin to “H” level. Pulse output is not resumed by simply returning the INTo pin 
to “H” level. Furthermore, pulse output is not resumed when the waveform output control bit is set to 
“1” while the INTo pin is set to “L” level. Figure 8.2.17 shows how to resume pulse output after disabling 
it with INTo input signal. 

The waveform output control bit is cleared to “0” when “L” level is applied to the RESET pin or when 
a software reset is executed. 


Writing “1” 
Writing “1” { 


Writing is ignored because ! 
of “L” level. 
Output data 
Floating 


Fig. 8.2.17 How to resume pulse output after disabling it with INTo input signal 





(3) Timer AO—A4 mode registers 
When using RTPO of the M37730S2FP, the setting contents and setting method of the timer AO and 
A1 mode registers are identical to M37732S4FP. 
When using RTP1, the setting contents of the timer A2 mode register are identical to M37732S4FP. 
However, the RTP1s3 pin of M37730S2FP is shared with the TA4our pin and the TA3in pin does not 
function as pulse output pin. Therefore, the operation and setting contents of the timer A3 and A4 
mode registers are different from those of M37732S4FP. 
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@ Timer A3 
When performing pulse width modulation for RTP1, the setting contents of the timer A3 mode register 
are identical to M37732S4FP. 
When pulse width modulation is not performed for RTP1, timer A3 can be used in timer mode or event 
counter mode. Regardless of whether timer A3 is used or not, bit 2 of the timer A3 mode register must 
be fixed to “1” in order to use port P56 as RTP12 pin. 
When operating in timer mode, the gate function can be selected. Figure 8.2.18 shows the structure 
of the timer A3 mode register in timer mode (not using pulse width modulation for RTP1). 








b7 b6 b5 b4 b3 b2 b1~ bO 














Timer A3 mode register (address 5916) 


Operating mode selection bits 
00 : Timer mode 


Pulse output function selection bit 
1 : Pulse output 


[Fix this bit to an 
ese ee ee Gate function selection bits 


0X : No gate function (TA3in pin functions as 
normal |/O port.) 

10 : Count while TA3in input level is “L” 

11 : Count while TA3in input level is “H” 
(X="0" or “1”) 


Fix this bit to “O”. 
Count source selection bits 

00 : External clock input frequency divided by 2 (fe) 
O01 : External clock input frequency divided by 16 (fis) 


10 : External clock input frequency divided by 64 (fea) 
11: External clock input frequency divided by 512 (fs12) 


Note: This register is cleared to “OOic” at reset. 


Fig. 8.2.18 Timer A3 mode register structure in timer mode (not using pulse width modulation for RTP 1) 
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When operating in event counter mode, only the contents of the up/down flag are used to switch the 
up/down factor. Therefore, bit 4 of the timer AS mode register must be fixed to “0”. Figure 8.2.19 
shows the structure of the timer A3 mode register in event counter mode (not using pulse width 
modulation for RTP1). 


b4 b3 


b7 = =b6 bd b2 b1 bd 
x] x] o]o} | 1 | 0 | 1 | timer As mode register (address 59: 


Operating mode selection bits 
01 : Event counter mode 


Pulse output function selection bit 
1 : Pulse output 


Fix this bit to “1”. 


Count polarity selection bit 
0 : Count at the falling edge of the input signal | 
1 : Count at the rising edge of the input signal 


Fix this bit to “QO”. 


Fix this bit to “O”. 


These bits are ignored (may be “O” or “1”). 


Note: This register is cleared to “0016” at reset. 





Fig. 8.2.19 Timer A3 mode register structure in event Counter mode (not using pulse width modulation for RTP1) 


@ Timer A4 

When RTP1 is selected, timer A4 can be used in timer mode or event counter mode. Regardless of 
whether timer A4 is used or not, bit 2 of the timer A4 mode register must be fixed to “1” in order to 
use port P60 as RTP1s pin. 

The function and operation of timer A4 are identical to timer A3 when pulse width modulation is not 
performed for RTP1. Therefore, the structure of the timer A4 mode register when operating in timer 
mode is identical to Figure 8.2.18. The structure of the timer A4 mode register when operating in 
event counter mode is identical to Figure 8.2.19. 
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8.2.7 Serial 1/O 

The serial I/O of the M37730S2FP consists of one UARTO. UARTO can operate as clock synchronous or 
asynchronous (UART) type. 

The function and operation of UARTO are identical to M37732S4FP. The following are different from 
M37732S4FP. 


® M37730S2FP does not have UART1 related contro! registers. 
@ The structure of port P8 direction register is different. 


Figure 8.2.20 shows the memory map of the serial I/O related control registers and Figure 8.2.21 shows 
the relationship between port P8 direction register and serial I/O pins. 


Address] 
3016] UARTO transmit/receive mode register 
3116 UARTO baud rate register 


3216 
3316 


3416} UARTO transmit/receive control register 0 
3516 | UARTO transmit/receive control register 1 


3616 
3716 UARTO receive buffer register 


Fig. 8.2.20 Memory map of serial 1/O related control registers 


UARTO transmission buffer register 





b4 b3 b2 bi ob 


0 
R/W | R/W | R/W Port P8 direction register (address 14:6) 


CTSo input / RTSo output pin 

CLKo I/O pin 

RxDo input pin 

TxDo output pin 

There are no pins corresponding to these bits. 


Note: This register is cleared to “OO16” at reset. 





Fig. 8.2.21 Relationship between port P8 direction register and serial 1/O pins 
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8.2 Functional description 


8.2.8 Watchdog timer, Hold, Ready function 


Refer to “CHAPTER 2. FUNCTIONAL DESCRIPTION” for watchdog timer, Hold function and Ready func- 


tion because their functions are identical to M37732S4FP. 


8.2.9 Reset 


The function and operation of reset are identical to M37732S4FP. Figure 8.2.22 shows the internal reg- 


isters state at reset of M37730S2FP. 


Undefined at reset 





Address Register contents 


Col 0 | 0 | 0 | 0 | 0 LO4-B/6-) Port Pa direction register (Note 1) 
Die Port P5 direction register 





4216 fE 


4416 


Up-down flag 


5Ate Timer A4 mode 


5Bis Timer BO mode 





Fig. 8.2.22 Internal registers state at reset (1) 


(aes erm ee eT RAE ESI I IE IE NIL EOE TT I ETE TE ET I TE A TESTE CITE LT OT LE EE ET 
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Not allocated and undefined at reset 


register 
register 


register 


register 


register 


register 


Note 1: There are no pins corresponding to the low-order 3 bits of port P4 direction register. 
Note 2: There are no pins corresponding to the high-order 4 bits of port P8 direction register. 


M37730 GROUP 


8.2 Functional description 





Address Register contents 
BE 16 | 





Processor mode register 

Watchdog timer 

Watchdog timer frequency selection tiag 
Waveform output mode register 

UARTO transmission interrupt control register 
UARTO receive interrupt control register 
Timer AO interrupt control register 
Timer A1 interrupt control register 
Timer A2 interrupt control register 
Timer A3 interrupt control register 
Timer A4 interrupt control register 
Timer BO interrupt control register 

INTo interrupt control register 

INT1 interrupt control register 


INT2 interrupt control register 





Program bank register PG 
Program counter (high-order) PCu 
Program counter (low-order) PCr 
Data bank register DT 

Direct page register (high-order) DPRuH 
Direct page register (low-order) DPR. 


b10 b9 b8 b7 b6 bS5 b4 b3 b2 Obi 
reTolel* [+ Tole [ols |r [7 is ito 18 ate 0" at ea 
(Bits 11 to 15 are “O” at reading) 
IPL 
Note 3: The contents of registers other than those described in Figure 8.2.22 and RAM are 
undefined at reset. 


Fig. 8.2.22 Internal registers state at reset (2) 
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8.3 Electrical characteristics 





8.3 Electrical characteristics 
8.3.1 Absolute maximum ratings 


Absolute maximum ratings 


Symbol] ss CParameter = |S Conditions | Ratings | Unit _ 
























V 
V 
—0.3 to Vec+0.3 V 
V 





—0.3 to Vec+0.3 








— 


Supply volage 1, 
Vi 
Vi Input voltage As/Dse—Az23s/D7, P4s—P47, P50—P57, 
P60-—P67, P8o—-P83, HOLD, RDY 
Vo 
aa P6o—P67, P80—P83, Xour, E, ¢1, HLDA, 
ALE, BHE, R/W 
Operating temperature Pence oe etl —20 to 85 
Storage temperature Posse pate co aca al —40 to 150 


Vis Input voltage RESET,CNVss, BYTE | 

Output voltage Ao—A7, As/De—Aza/D7, P4s—P47, P50-P57, 
Pa |Powerdissipation == SSSSSSSCSC~*~*~s=BGSC*édi_=~=S=CSO0 (NOR) _—s*|_- mW _| 
Note: In case of shrink DIP package, the rating of power dissipation is 1000mW. | 


=] 
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8.3 Electrical characteristics 
8.3.2 Recommended operating conditions 


Recommended operating conditions (Vcc=5V+10%, Ta=—20 to 85°C, unless otherwise noted) 


Syme Pear a Te 


Supply voltage Ae se 88 
‘Supply voltage ea 


ve High- ee Nee ye BELA PELBST PELE input voltage P4s—P47, P5o0-P57, P6c—P67, 0. aot — y 
P80-—P83, Xin, RESET, CNVss, 
BYTE, HOLD, RDY 














High-level input voltage As/De—Azs/D7 | 0.5Vec} | Veo | V | 
Low-level input voltage P4s—P47, P5o—P57, P60-P67, 0.2Vcc | V 
| P80—P83s, Xin, RESET, CNVss, " 
BYTE, HOLD, RDY 
Low-level input voltage As/Ds—Az3/D7 FO | 0.16Vec] VV 


loH (peak) +| High-level peak output current 


Ao—A7, As/Ds—Az23/D7, P4s—P47, 



















lot (avg) 














lo (avg) | High-level average output current Ao—A7, As/Ds—Aza/D7, P4s—P4z, mA 
P5o0—-P57, P60-P67, P8o-P83, 
g:, HLDA, ALE, BHE, RW 
iOL (peak) | LOW-iGVEl peak Guiput Current Ao—A7, As/De—A2a/D7, P4s—P 47, 10 mA 
P5o—-P57, P60—-P67, P80—P8s, 
mA 
P5o-P57, P60—-P67, P80—-P83, wa 
¢:, HLDA, ALE, BHE, R/W 
{(Xis) | External clock frequency input =| M37730S2FP,M37730S2SP_ | | CT BO MHz 
Note 1: Average output current is the average value of a 100ms interval. 
2: The sum of lo. (peak) for Ao—A7, As/Ds—Az3/D7, HLDA, ALE, BHE, RW, and port P8 must be 80mA or less, 
the sum of lox (peak) for Ao—-A7, As/Ds—Az3/D7, HLDA, ALE, BHE, R/W, and port P8 must be 80mA or less, 


-10 mA 
P5o—-P57, P60-P67, P80—P8:, 
@1, HLDA, ALE, BHE, RAV 
¢:, HLDA, ALE, BHE, R/W 
Low-level average output current Ao—A7, As/De—Azs/D7, P4s—P47, 
M37730S2AFP, M37730S2ASP | | | 16 =| 
M37730S2BFP, M37730S2BSP | | | 2 | 
the sum of lo. (peak) for ports P4, P5, P6, and ¢: must be 80mA or less, and the sum of lon (peak) for 
ports P4, P5, P6, and ¢: must be 80mA or less. 
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8.3 Electrical characteristics 
8.3.3 Electrical characteristics 


M37730S2FP 
Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=8MHz, unless otherwise noted) 


Vou High-level output voltage Ao—A7, As/De—Azs/D7, V 
P43~P47, P5o-P57, P6o-P67, | 
P8o-P8s, @:1, HLDA, BHE, 
R/W 


Von High-level output voltage Ao—A7, As/Ds—Az3/D7, 1, | loH=—400A oer a Wy 
| HLDA, BHE, R/W 








V High-level output voltage ALE lox=—10MA ee eee 
lox=—400uA ee ee 








High-level output voltage lox==—10MA 134] [| | Vv 
lon=—400A (48 | | 


Low-level output voltage 9 Ao—A7, As/De—Azs/D7, = [lo.=10MA Py ey 





OH 
Vou 
V 









P43-P47, P5o-P5z, P6o-P6r, 
P80-P83, ¢:, HLDA, BHE, 
R/W 





? 
re 











i iia OO 
HLDA, BHE, R/V 

nina eee aan 
lo=2mA || 0.43 | 

Vo. {Low-level output voltage E lo=10OmA tC CT 
lo-=2mA || 0.4 

Sasa deste HOLD, RDY, TAOn-TA4w, TBOtw, INTo-INT2, Be ea 

CTSo, CLKo 
V1+—V1-| Hysteresis RESET (05 | V_| 
0.3 | V_| 


As/De—A23/D7, P4s-P 47, 
P50-P57, P6o-P67, P80—-P8:, 
Xin, RESET, CNVss, BYTE, 
HOLD, RDY 
As/Ds—Az23/D7, P43:-P4;, 
P50-P57, P6o-P67, P80-P 83, 
Xin, RESET, CNVss, BYTE, 
HOLD, RDY 


ram | RAM hold voltage When clock is stopped. 


Icc Power supply current Output only 
pinis open and | Square waveform 
other pins are |Ta=25°C when 
Vss during re- | clock is stopped. 
set. Ta=85°C when 

Clock is stopped. 





High-level input current 














ad 
owl, 






< < 
OG 
< < 


Low-level input current 















J 


12 | mA 


ie 


= 
ci 
i: 
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M37730S2AFP 
Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=16MHz, unless otherwise noted) 


V 


Vou High-level output voltage Ao—A7, As/Ds—Az3/D7, 3 
P43—P47, P5o-P57, P6o—-P67, ! 
| P80-P83, #1, HLDA, BHE, waa 
R/W 
wiz 


VoH High-level output voltage Ao—A7, As/De—Az3/Dz, ¢1, |lox=-400UA cae 


HLDA, BHE, RW 


ee output voltage ALE lox=—10MA 134; |  f Vv 
lon=—400nA a ae 




















VoH — |High-level output voltage E lox=—10MA 134] | | Vv 
lon=— 400A eae 
Vou Low-level output voltage = Ac—A7, As/Ds—Azs/D7, 










P4;—P47, PSo-P57, P6o-P6;, 
P8o-P8s, ¢1, HLDA, BHE, 


Peel 
_ eau 
RW 


HLDA, BHE, RW 


Low-level output voltage ALE lo.=10mA P| A] 

















Hysteresis 




























Low-level input current 





Hysteresis XIN 
Xin, RESET, CNVss, BYTE, 


High-level input current © As/Ds—Az23/D7, P43-P47, 
lie 
HOLD, RDY 


P5o-P57, P6o-P67, P8o-P83,. 

Xin, RESET, CNVss, BYTE, 
RAM hold voltage When clock is stopped. ee ee 
Ice Power supply current Output only —_ | f(Xin)=16MHz, 
pinis open and | Square waveform 


HOLD, RDY 
other pins are|Ta=25°C when 1 LA 
Vss during re- | clock is stopped. 








As/Ds—Az23/D7, P43-P47, 
P5o0-P57, P6o-P67, P80—P8:, 

set. Ta=85°C when 
clock is stopped. 
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M37730S2BFP | 
Electrical characteristics (Vcc=5V, Vss=0V, Ta=25°C, f(Xin)=25MHz, unless otherwise noted) 


High-level output voltage Ao—A7, As/Ds—Az3/D7, lox==—-10MA 
P43-P47, P5o-P57, P6o—P6r, 


fF 


-. 
Oo 
x 





R/W 
High-level output voltage Ao—A7, As/Ds—Az3/Dz, @1, | lox=-400UA 


< 
\e) 
Za 





HLDA, BHE, R/W 


OH High-level output voltage ALE loH==—10MA 
oH=—400UA 


OH High-level output voltage oH=—-10MA 





oH=—400UA 
lo.=10mMA 





Aco—A7, As/Ds—Az3/Dz, 
P4;-P47, P5o-P57, P6o-P6r, 
P80-P83, 1, HLDA, BHE, 
R/W 
Ao—A7, As/Ds—Az3/D7, 1, 
HLDA, BHE, R/W 
Low-level output voltage ALE oL=10MA 
OoL=2MA 

oL=10MA 
oL=2mMA 


Low-level output voltage 







oO 

= 
slo} o plco|jool a 
oak i CO}; & | OO; — —~N 





< 
9 


Low-level output voltage lo.=2mA 


aS 
O1 


i 


OL 





OL Low-level output voltage 


& 











V1+—Vr-|Hysteresis. | HOLD, RDY, TAOin—TA4in, TBO, INTo-INT2, Re ees 
CTSo, CLKo 

rysere AEST ere eases) 

Hysteresis Xn i aaa 

lH High-level input current © As/Ds—Az3/D7, P43:-P47, | Vi=5V 






P50-P57, P6o-P67, P80—P83, 
Xin, RESET, CNVss, BYTE, 
HOLD, RDY 
As/Ds—Az23/D7, P4:-P4;, 
P50-P57, P6o-P67, P80—P 83, 
Xin, RESET, CNVss, BYTE, 


HOLD, RDY 


ramM _ | RAM hold voltage 


Ice Power supply current 












Low-level input current 


> 









2 alOC}u 
o|é3] to 
c 


J 


When clock is stopped. 2 


Output only —_ | f(Xin)=25MHz, 
pinis open and | square waveform 


other pins are |Ta=25°C when 
Vss during re- 
clock is stopped. 











19 | 38 | mA 


1 


bichon 


set. 


EE 
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8.3 Electrical characteristics 





8.3.4 Timing requirements 
Timing requiements (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted) 
External clock input 


Limits 
in. | Min. | Max. | Min. [| Max. 


| Max. | 
tc | External clock input cycle time 125 | ec! | ens | 
External clock input high-level pulse width | 50 | =| 28 |] | tons | 
wil) External clock input low-level pulse width | 50 | | 2 | | 15 7 J ons | 
i pode J | 8 | ns | 
| e027 | 8 | ns | 





= 
=) 





ant 





-_—« 











tr _—_—‘ | External clock rise time eae 
ti | External clock fall time Ee 


Microprocessor mode 


Limits 
Min. | Max. | Min. | Max. | Min. | Max. | 
as | ns 
| ns 


tsuoH-£) | Data high-order input setup time ai 
tsuo.-e) | Data low-order input setup time | 30 | 





















ltsuipan-e) | Port P4 input setup time 
Port P5 input setup time 


© 
>) 
































tsu(P5D-E) 00 
| tsuPep-e) |Port P6 input setup time 200 
tsu(P70-E) 
tsu(PeD-e) 
teuiROY-) 
tsuoLo-») [HOLD input setuptime CEC 
the-on, _ |Datahigh-orderinputholdtime = | OO 
the-o) _|Datalow-orderinputholdtime = ss ss | 
tye-pao) [PortP4inputholdtime == 
|tne-pso) |PortPSinputholdtime = | 
tye-peo) |PortP6inputholdtime = 
the-peo) [PortP8inputholdtime = | 
the-rov) [RDYinputholdtime = | 
thi-HoLo) |HOLDinputholdtime = “sas —(tst=“té‘zrL:«SCi siz 
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8.3 Electrical characteristics 


Timer A input (count input in event counter mode) 














Limits 


Symbol Parameter 16MHz 25MHz Unit 
terra) | TAliin input cycle time (250 | | 125 | | 80 | sons 





tw(TAn) TAiw input high-level pulse width (125 | | 62 | | 40 | [ns | 
tw(TAL) TAi input low-level pulse width (125 | | 62 | | 40 | [ons | 





Timer A input (gating input in timer mode) 













Limits 
tera) | TAIN Input cycle time 1000 | =| 500 | =| 820 | 


| ns | 
TAiw input high-level pulse width |s00 | | 250 | ~| 160 | sits 
TAin input low-level pulse width 500 | | 250 | | 160 | | ns 






Timer A input (external trigger input in one-shot pulse mode) 
Limits 
Symbol Parameter 


TAiin input cycle time 
TAin input high-level pulse width 
TAii input low-level pulse width 


Symbol 
TAiin input low-level pulse width 


Symbol Parameter 16MHz 25MHz Unit 
| Min. | Max. | 


c(UP) TAiout input cycle time 

TAiout input high-level pulse width 
w(UPL) TAiout input low-level pulse width 
su(uP-Tw) | TAiout input setup time 


TAiout input hold time 





Timer B input (count input in event counter mode) 


| Limits 
| Min. | Max. | Min. | 
te(TB) 


| Max. | Min. | Max. | 
TBOw input cycle time (one edge count) | 250 | [125 | | 80 | | ns | 
fwrary [TOW Input high-level pulse width (one edge coun) | 125] | 62 || 40] | ns 
ftwre) | TBO input low-level pulse width (one edge count)| 125 | =| 62 | | 40 | | ns | 
tera) | TBO input cycle time (bothedges count) —s_—s | 500 | ~—ss | 250 | ~—s| 160 || ~~ |sinss 
twa) | TBO input high-level pulse width (bothedges count) | 250 | =» | 125 | =| 80 | | ns __ 
fret. [TBOw input low-level pulse width (both edges count) | 260 || 481] 80 1 | ns 



















a ae ee 
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8.3 Electrical characteristics 





Timer B input (pulse period measurement mode) 


Limits 
Symbol Parameter Unit 
ce ee 
te(TB) TBOww input cycle time 1000 / | 500 | | 320 | {ns | 
Twa | TBOw input high-level pulse width rs00 || 250| | 160. | ns 
[twa [TBOwinputlow-levelpulsewidth | 500 | | 250 | | EO |S 
















Timer B input (pulse width measurement mode) 


Limits 
| Min. | Max. | Min. | Max. | Min. [| Max. | 















TBOw input cycle time 4000} {| 500 | st 20 | ns 
TBOw input high-level pulse width |500 | | 250 | | 160 | | _ns | 
TBOw input low-level pulse width 500 || 250 | | 160 |. ~+(| ns 


Serial 1/O 
Parameter 16MHz 25MHz 


Min. 
CLKo input cycle time 
| CLKo input high-level pulse width 
CLKo input low-level pulse width 
d(C-Q) TxDo output delay time 


TxDo hold time 
su(D-C) RxDo input setup time 


thic-D) RxDo input hold time 





External interrupt INTi input 


Symbol Parameter 


INTi input high-level pulse width 
INTi input low-level pulse width 
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8.3.5 Switching characteristics 
| Switching characteristics (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted) 


Microprocessor mode (when wait bit is “1”) 


















Limits 
Symbol Parameter 16MHz 25MHz 
| | Min. | Max. | Min. | Max. | Min. | Max. | 
Address low-order output delay time | 100 | S| 30 || | 2 is 


a€-oie; | Data high-order output delay time (BYTEST) |_| 410] | 70 | | | ns 


i 



















Floating start delay time (BYTE="L’") oy99 pag ap 
taam-e) | Address middle-order output delay time | 100 | {| 30 | | 12 +] J ons | 
tuaw-ale | Address middle-order output delaytime | 80 || 24.| | 8 || ns 
tae-o1a) |Datalow-orderoutputdelaytime s/s | = | 110 | | 70 || 45s 
toze-o.z) _|Floatingstartdelaytime == “$s $s (eC | dT Bs 
taste) [Address high-order outputdelaytime  =-s—s/§- =S || 100 | =| 30 | =| 12 «| | ons | 
trate) [Address high-order outputdelaytime ==—-ss—s | 80 | | 24 | | | os 
tee-Huoa)_| HLDA output delay time bs he FOO = e602 50.) ns 
tyate) [ALE outputdelaytime = | 4 a as 
wate) [ALE pulse width 30 asa os 
BHE output delay time : 100 || 30 [| 20 | ns 
R/W output delay time MOOT ence a[ Oe, so Oe Je S| 
tse-0) _ [groutputdelaytime =—=—s $s CT CT 80 | | 2 | 18 | ons 
tne-ay) | Address low-order hold time 50 | | 2 | | 18 | [ns | 
thiaLe-am) | Address middle-order hold time (BYTE="L” 9 | | 9 | | g | fins | 
Data high-order hold time (BYTE="L") (50 | | 2 | | 1 | ns | 
Floating release delay time (BYTE="L’) 95 | [| 36 | 18 | ns 
the-am) | Address middle-order holdtime (BYTE="H”) ss | 50 | | 25 | =| 18 | | ns — 
ftwave-ah) [Address high-orderholdtime == =| 9 | =| 9 | =| 9 | {ns | 
fthe-o1a)|Datalow-orderholdtime == s/s ss | 50 | | Ts 
Floating release delay time 95) | 36 | ta | os 
BHE hold time 18 | =| 12] hf] 18 | ns | 
jthe-nw = [R/Wholdtime Cd TT Tins 
jtae-paa) [PortP4dataoutputdelaytime = «| ~=—s— || 200 | ~=— | 100 | || 80 | ns | 
iae-rio) [Port PS Gata output delaytime-~—~—~—~—~—S~~S* 200 | | t00 | | 80 | ns 
Port P6 data output delay time || 200 | | 100 | | 80 | ns | 
ftse-r00) [Port P8 data output delaytime ——~—~—~«| | 200 | | 100 | | 0 | ns 
fwiEL) 220) | 95 | | 50 ns 





Note: Test conditions are shown in Figure 8.3.1. 
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8.3 Electrical characteristics 


Microprocessor mode (when wait bit = “0”, and external memory area is accessed) 





Limits 
| Min. | Max. | Min. | Max. | Min. | Max. | 

taal) _|Address low-order outputdelaytime ——s—s§s =| 100 | ~=—S | 30 | | 12 | ns 
Data high-order output delay time (BYTE=-T) [| | 110 | | 70 | | 45 | ns | 
|toxe-kz)_| Floating startdelay time (BYTE="L") | tT TBs 
jtaam-e) [Address middle-order output delaytime ss || 100 | == | 30 | =| 12 | | ns 
tyam-aLe) |Address middle-order output delaytime =—-s—s/§s§ | 80 =| =~ | 24 | | 5 CTs 
tee-o1a)__[Datalow-orderoutputdelaytime  —_s§s§ | | | 110 | | 0 | | 45 | 
toze-iz) [Floating startdelaytime = | | 5s 
tore) [Address high-order output delaytime sss 5s | 100 | =| 30 | | 12 | | os | 
toaH-ae) [Address high-order output delaytime =—-ss§- =| 80 | =| 24 | | 5 | is 
taro) |HLDA outputdelaytime = 5 | | 100 | S| 50 | | 50 ss 
tamee |ALEoutputdelaytime == | 4 | a as 
twas) = [ALEpulsewidth = | 8 | 8H | ss 
jtere-e) |BHE outputdelaytime === ss 00 | S| 8 | CE Ss 
17oo | =| 30 | S| 20 | ns 
te) __[groutputdelaytime —=——SSC~=<“~;~*~*S*é~sY:Ci~SC*sT«CS|«C S| 0 | OC | 18 | ns 
jthe-ay [Address low-orderholdtime =—=-_—/§- 5 | 50 | | 5 | 18 | 
thiace-am | Address middle-order hold time (BYTE="L” =e rg | | g | fons | 
thie-DHa} | Data high-order hold time (BYTE=“L"! 50 25 18 ns 
[tezxé-x2)_| Floating release delay time (BYTE="L") ss | 95 | | 36 | | 18 ns 
[the-aw) [Address middle-order hold time (BYTE="H") ss || 50 | =| 25 | = [| 18 | ~~ | ns | 
thare-an, [Address high-orderholdtime = | | | Ts 
jthe-o.g |Datalow-orderholdtime ss | 50 || || 18 | ns 
ftezxe-0.2,_|Floatingrelease delaytime  ==-_s/s § =| 9S || | 8H | | 18 | ss 
the-shey |BHEholdtime tt Ts 
team |R/Wholdtime | Tt ts 
Port P4 data output delay time [200 [100 [80s | 
tae-Psa) | Port P5 data output delay time | | 200 | ~=~=—S | 100 | ~—si«dT:sa80.—sdT_sonss:s 
jtae-rea) |PortP6 dataoutputdelaytime s/s | | 200 | | 100 | SCs] 80 Css 
jtae-reo) [Port P8dataoutputdelaytime = sss ss | | 200 | | 100 | Ss | 80 | ss | 
twey ‘[Epulsewidth = SSCS™~<“—*~*~*~s SA | ~SCs| 2 | | tO | | os 
Note: Test conditions are shown in Figure 8.3.1 


Ao—A7 
As/Ds—A23/D7 
P4 

P5 

P6 

P8 


HLDA 
ALE 
BHE 
R/W 

ot 
E 





Fig. 8.3.1 Testing circuit for ports 
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8.3 Electrical characteristics 


8.3.6 Equations for calculating the parameters 
Table 8.3.1 shows the equations for calculating the following parameters. 


tW(ALE) oo cceeceeees ALE pulse width ( td(RIW=E) voce R/W output delay time 
tW(EL) .occccccccsceseesseeees E pulse width tpzx(E-DLZ/DHZ).......Floating release delay time 
td(AL/AM/AH-)......... Address output delay time th(E-AL/AM) ........... Address hold time 
td(AM/AH-ALE).......... Address output delay time th(E-DL@/DHQ) valent Data hold time 

td(BHE-E) oc. BHE output delay time 


Table 8.3.1 Equations for calculating parameters 


a M37730S2FP/SP Se ee M37730S2BFP/SP 






F(XIN) f(XIN) < | (XIN) S BMHZ 8MHz < f(XIN) | BMHz < (Xin) < 16MHz_ | 16MHz < f(XIN) < 25MHz 
tw(ALE) 1 X 10° 
f(Xin) ~ 18 
tw(EL) 
Wait bit = 
Meu oC eee ee 
Wait bit = 
td(AL/AM/AH-E) ‘ 
td(BHE-E) 275 12 +n 7 49 
td(R/W-E) 
penta BEADS) 4X 108 _ 1X 109 _ 1X 10° 
~ (XIN) ~ (XIN) {(XIN) ae 
th(E-AL/AM) 1X 109 1X 10°, 1X 10° 
th(E-DLQ/DHQ) 2X fxn) ~ 12° 2X (xin) &4 2X fxn) ~ 2 
Lap tice 1X 109 _ 41x 10° 1X 10° 4. 
~ (XIN) ~ (XIN) f(XIN) 
Unit : ns 


282 


M37730 GROUP 


8.3 Electrical characteristics 
8.3.7 Timing diagram 


Timing diagram 


(Xin) 





tu(E-P4a 
Port P4 output 
tsu(P4D-£) 
Port P4 input th(E-P4D) 


td(E-P5Q 
Port P5 output 


tsu(P5D-E)\<«- 





Port P5 input lc» thiE-P5D) 


— td(E-P6Q) 
Port P6 output f 


tsu(P6D-E)/<— | 
Port P6 input ! c-»>\ th(E-P6D) 


| — | to(E-P8Q 
Port P8 output | 
tsu(P8D-E}! | 
Port P8 input ey ac». °7 
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TAiin input 


TAiout input 





TAiout input 
(Up-down input) 


In event counter 


meee TAi input 
(When count by falling) 
<< a 
(When count by rising) 
tc(TB) 
eae era 
TBOw input 


twa 


te(Ck) 


Rea 
CLKo 
| th(c-a) 







1 aD 
RxDo 

tw(INL) 
INTi input 


tw(INH) 
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Microprocessor mode 


(When wait bit="1”) 


6 SNSNSNSNSNSNY 


mi 
~ 
. 


(When wait bit="0”) 


o st “af “7 ENS JF VS 


RDY input 


rnor-e 


(When wait bit="1”" or “0” in common) 


pr 
tsu(HOLD-¢ 1) 
HOLD input 


HLDA output 











th(o1-HOLD) 
) 


td(91-HLDA td(¢ 1-HLDA) 


Test conditions 

*Vcc=5V+10% 

Input timing voltage > Vii=1.0V, Vin=4.0V 
eOutput timing voltage =: Vor=0.8V, Vou=2.0V 
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Microprocessor mode (When wait bit="1”) 


a 
f(Xin) \ . 
or 
i ‘: al 
(E-91) td(E-01) 
a twe L) 
E a ie a eh 









thiE-AL) ae 


x: ae 







































AaiDe~Asw/Dss th(ALE-AM) < <> toxz(E~DHZ) tpzx(E~DH2) 
(BYTE="L") td(AM-—ALE) a 

~~} td(E~DHQ) 

th(E-AM) <> _ta(am-e) 
(BYTE="H') Address x Address - 
| th(E-DH) 
(ales 
De—Di5 input aN 
ee th(ALE-AH) a th(E-DLQ) toxz(E-DLZ) tpzx(E-DLZ) 
6/ 23/ é 
= Crasessl| K_baa_| KX Ascress | +) —+{Aaeress 
lo(AH-ALE) ta(E-DLOD mt thiE-DL) 

Do-D7 input 

— tw(ALe) 

td(ALE-E) 

ALE output | 

td(BHE-E) 

ssaveenerannens a <-> th(E-BHE) 
eeess —\' 

ta(PYW-E 

Preah saan <> thiE-R/W) 
R/W output \ / 
Test conditions 


¢ Vec=5V+10% 
* Output timing voltage : Vo.=0.8V, Von=2.0V 
¢ Do—Dis input Vi=0.8V, Vin=2.5V 
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Microprocessor mode (When wait bit=“0”, and external memory area is accessed) 















































te 
f (Xin) ¥ 
91 
te(E-91) te(E-91) 
E —. 
Ao—A7 output = | Address | neo — Address Ly 
S ae tpzx(E-DHZ 
As/Ds—Ais/D15 TNALE-AM) fo]__bena ty toe DHZ) pzx(E-DHZ) 
ou (naareesX_Data_| Y(t) == =~ = aac 
BYTE="L" 
( ) <——> > td(E-DHQ) 
td(AM-ALE) 
th(E-AM) ni >| td(AM-E) 
meine (assess Aasiess 1) 
(BYTE="H") : 
| es ls 
tsu(DH-E) — th(E—DH) 
De—D15 input -\ 
th(ALE-AH) oo tpxz(E-DLZ) tpzx(E-DLZ) 
nee XX address Se ee nd Address 
outpu as aa . ' tsu(DL-E) 
| oo “Pld(AH-E) th(E-DL) 
. td(AH-ALE) a | : r— ,| 
Do—D? input | 
tw(ALE) ; 
— ~~ {d(ALE-E) 
ALE output | 
td(BHE-E) | 
<> th(E- BHE) 
BHE output 
tu(RW-E) 
<> 
R/W output . 


Test conditions 

¢ Vec=5V+10% 

¢ Output timing voltage : Vo.c=0.8V, Von=2.0V 
¢ Do—Dis input :Vii=0.8V, Vin=2.5V 
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9.1 Memory connection 

The M37732 group’s external memory connections are described below. The low supply voltage version 
(M37732S4LGP/HP) is described in section “9.38 Low supply voltage version applications”. This section 
describes the M37732 group. However, the same memory connections are available with the M37730 group. 
The application examples described in this chapter may not be applicable to all types in the M37732 group 
depending on the settings. Therefore the applicable type will simply be referred to as “M37732” in this 
chapter. 


9.1.1 Memory connection model 
The memory can be connected by using the external bus width selection pin (BYTE pin). Four external 
memory connection models shown in Table 9.1.1 are available. 


(1) Minimum model 


(2 


(3 


(4 
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=——_Z 


) 


—wZT 


External memory area within the 64K-byte memory space is accessed using an 8-bit external data bus 
width. No external address latch is necessary. This is the most cost effective connection model for 
externally adding an 8-bit element. 


Medium model A 

Memory space beyond 64K bytes is accessed using an 8-bit external data bus width as same as the 
minimum model. An n-bit (n<8) address latch is required to latch the address from the high-order 8 
bits (Azs—-A16) of the address bus multiplexed with the data bus, but the accessible memory space is 
expanded up to 16M bytes. 


Medium model B 
This connection model limits memory space to within 64K bytes, but provides optimum speed. The 
external data bus width is 16 bits, and connected memory area can be accessed as fast as internal 


area if no wait (one-wait mode nor Ready function due to the RDY input) is used. This connection | 
model requires an 8-bit address latch to latch the address because the middle- order 8 bits (Ais—As) _ 


of the address bus are multiplexed with the data bus. 


Maximum model 

This connection model uses 16-bit external data bus width to access up to 16M-byte memory space. 
An 8-bit latch to latch the middle-order 8 bits (Ais—As) of the address bus and an n-bit (n<8) latch to 
latch n bits of the high-order 8 bits (Azs—Ais) are required. 
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Table 9.1.1 Memory connection model 


Within 64K b B d 64K b 
ithin 64K bytes eyon ytes 


Ao-A7 pam | 
8-bit A8-A15 


AB-A15 Ai6 /D0—A23/D7 


BYTE="H" 
Ate /Do-A23/D7 ALE 


Memory connection model Minimum model Memory connection model Medium model A 


M37732 M37732 
BYTE BYTE = Ao-A7 



















Ao—A15+n 









Ao—A7 Ao—Ai15 
i Aa/De-A15/D15 
16-bit Ag/Da-A15/D15 
A16 /D0—-A23/D7 
BYTE="L" 
A 
= Do—D1s Do—Dis 






BHE 


Memory connection model Medium model B Memory connection model Maximum model 





| | M37732 group has 37 I/O ports. However, port expansion must be performed together with memory connection | 
' for applications that use many ports. Port expansion is described in section “9.2 I/O expansion”. 
| Be sure to low the Vss line impedance of the M37732 group during memory connection and I/O expansion because | 
| the address bus is used at 24 bits (refer to section “Appendix 7. System development precautions”). | 
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9.1.2 Memory access time calculation 

This section describes how to calculate the memory access time necessary to satisfy the memory connection 
timing requirements. 

Figure 9.1.1 shows the bus timing. 

The memory access time taiao) is obtained from the following equation ©. However, in the minimum model, 
there is no need to consider the address latch delay time in equation © because the ALE signal is not used. 


ta(ad) = ta(AL/AM/AH-E)+tw(EL)—teu(DL/OH-E) 
-—{address decode time+address latch delay time*} eae ® 
%# Address latch delay time is not necessary for minimum model. 


te(avAM/AH-e) in equation © represents either taar-c), tuiam-e) OF td(AH-E) ANd tsuiovoH-e) represents either tsuo.-e) or 
tsu(DH-E). 

td(AL/AWAH-E) ANG tweL.) in equation © are parameters that depend on the external clock input frequency and 
are calculated by the equations shown in Table 9.1.2. tsuovoH-e) is a constant that depends on the external 
clock input frequency (8, 16, or 25MHz). Address decode time is the time required to decode the address 
and make the chip select signal valid. 

The data setup time tsuo) for write is obtained from the following equation @. 


teud) = twiELy—tae-pLaDHa) °*** @ 
ta(E-pLa/oHay in equation @ represents either tae-pLa) Or te(e-pHa). 

If the setup time requested by the device do not satisfy these values, waits must be inserted in the bus 
cycle with the wait bit or RDY input. 


Table 9.1.2 Parameter equation and constants depending on the external clock input frequency 


euaneia —P" | _srioaire 8MHz version 16MHz version 25MHz version 
Parameter M37732S4FP M37732S4AFP M37732S4BFP 
(Xin) 


(Xin) < | (Xin) SBMHZz ~ 8MHZz < f(Xin) S$ 16MHz 16MHz < f(Xin) $ 25MHz 
pate | 
1X10° 1X1 1x10" 
té(aM-e) 100 + - 125 30 + 1:2X10"_ 75 12 -4 
td(AH-E) f(Xin) ~£(XiNn) + F(Xin) 
tw(EL) 


' Under the one-wait mode 
‘(the wait bit = “O”) 


tsu(DL-E) 
tsu(DH-E) 30 
td(E-DHO 45 





(Unit : ns) 
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| 


tw(ALE) 


ALE 





oes 
td(ALE-E) 


Ao-—A7 Low-order address Low-order address 
As~A15 Middie-order address Middle-order address 


+ 
A16/Do- High-order |__| NS .--- High-order Data 


| saat) tsu(DL-E) hiclenas. 
 tatADy taut) 
R/W At data reading At data writing 





BYTE="L" (wi T th is 16 bits 


a ——_—__ aa 
ALE 


twats) E) 


Ao—A7 Low-order address Low-order address 
ao ee 


mi 






As/Ds— Middle-order S\--- Middle-order 
msi WS Wists” J Htrorder data 
ade oe eae | | —____ ne a 
td(AM-E) 
A16/Do~ High-order High-order Low-order data 
A23/D7 address MEE address 
ets a a 
aereal E) a ta(E-01a) -DLQ) 
ta(AD) feu(0) 
R/W At data reading At data writing 





Fig. 9.1.1 Bus timing diagram 
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Figure 9.1.2 shows the relationship between the memory access time taan) and external clock input fre- 
quency f(Xin). The graph in Figure 9.1.2 shows the memory access time ignoring the address decode time 
and address latch delay time in equation ©. Therefore, the actual memory access time is the value of the 
graph minus the address decode time and address latch delay time. 

Figure 9.1.3 shows the relationship between the data setup time teuo) for write and the external clock input 
frequency. | 


25MHz version 


No wai 
Ww. 


| fw 
~-@-- Software one-wait a a ae 


fa) 
< 
& 
sk 
) 
E 
y 
” 
8 
oy 
e 
) 
= 
@ 
= 


12 13 14 15 16 17 18 19 20 21 22 


External clock input frequency (Xin) [MHZ] 
sk Except for address decode time and address latch delay time 





Fig. 9.1.2 Relationship between memory access time and external clock input frequency 
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8MHz 


[ns] version 16MHz version 25MHz version 


ner tenement fra trates aerate 
450 431 

ha Rf th a 

400 ra Ld 
















S2ESER Se 
© 350 -@-- Software seuee | 
pm) 
” ‘ay 
eae re 30 Eee es ce ae 
© ot | | | ieee ieabedt hint besa devil 
= 250 
ea oe = ESR ERS 
Q f = 
os Pf ia colbccil nt ons 
oT) 5 Se 150 °"-"9. 
” 150 '45 2190 r02 147_ yy 5 
og... 125 

a "7p. UIS 106 
% 100 Toop. = 91 — 85 
7 oe Oe as 

50 

0 


7 8 9 1011 12 13 14 #1 16 #17 «18 «19 «©2006©.21062206230—6(24 


25 
[MHz] 
External clock input frequency __f(Xin) 


Fig. 9.1.3 Relationship between data setup time for write and external clock input frequency 
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9.1.3 Memory connection precautions 

Figure 9.1.4 shows the memory data read timing. When setting E signal to “L” level and reading the data 
on the bus, the “M37732” has an address hold time (tpxze-pHz1z)) of up to 5ns. When the E signal becomes 
“H” level and data on the bus is read, at minimum the floating time (tez«e-pxHz01z)) shown in Table 9.1.3 is 
reserved before the next address is output. Therefore, when using devices that output data on the data bus 
within 5ns from the fall of the E signal (tenoe<5ns) or output data on the data bus for more than tpzxe-pxz 
p.z) at the rise of the E signal, considerations must be made to prevent bus contention between the address 
output by the “M37732” and the data output by the device. | _ 
When using devices with tenoe) that does not satisfy tpxze-pHzoLz), generate the device read signal OE with 
only the leading edge of the fall of the E signal delayed for few nanoseconds. 

When using devices with tor and tzisioe) that do not satisfy tpzxe-pxHz/0Lz), delete the data output by the device 
using a bus buffer for example. Figures 9.1.5 and 9.1.6 show examples of using a bus buffer. Table 9.1.4 
shows Mitsubishi memories that can be connected to the “M37732” without bus buffer. When requesting 
memory with specifications shown in Table 9.1.4, specify “tor 15ns version, microcomputer’ kit’. 


Table 9.1.3 Address hold time and data floating time 


8MHz version 16MHz version 25MHZz version 
Parameter M37732S4FP M37732S4AFP M37732S4BFP 








f(Xin) (Xin) < 8MHz 8MHz < f(Xin) < 16MHz 16MHZ < f(Xin) $ 25MHz © 
tpx2(E-DHZ) 
5 
— tpxz(E-012) 
tpzx(E-DHZ) 1x10° a 1x10° 1X10° _ 
teneoiy) (Xn) > 89 (Xn) °° (Xn) 2 
| (Unit : ns) 


Peripheral device OE 
(Read signal) 


tpxz(E-DHZ) tpzx(E-DHZ) 
tpxz(E-DLZ) tpzx(E-DLZ) 


Address output ‘~~ « Address » 


ten(OE) 


Peripheral device 
data output 





Fig. 9.1.4 Memory data read timing 
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Table 9.1.4 Usable memory without bus buffer 


Memory type onditions 
EPROM M5M27C256AK-85/-10/-12/-15 f(Xin)S20MHz (Note) 


or equivalent OTP component 
M5M27C512AK-10/-12/-15 


or equivalent OTP component 
| M5M27C100K-12/-15 
M5M27C101K-12/-15 
M5M27C102K-12/-15 


SRAM M5M5256BP-70/-85/-10/-12/-15 15ns f(Xin)S20MHz (Note) 
or equivalent L, LL types 
M5M5178P-35/-45/-55 


Note: M74F32 or equivalent component is required for read signal generation when using at 16MHz fre- 





quency or greater. 


M37732S4FP/S4AFP 







Address bus 
ALS573AP 


a | 
ALS573AP 


7 a 
As/Dse— 











Ais/Dis BOA Data bus (odd) 
DIR OC 
Aie/D 
Azad? ie BUA Data bus (even) 
DIR OC . 
% Available gate examples 
E a cate] MHz | 16MHz 
| OR | ALS32 ALS32 
; 3-STATE | ALS245A F245 
co. BUFFER | ALS1245A Le | 
ALSO4 Lg jam 
™ ear “ 
Dube Wo 
7 HRS 
Ao 7 1 : a) 
XIN Xout ALS32 
Circuit conditions : 8MHz with no wait 
C . 16MHz with software one-wait 
8/16MHz 


Fig. 9.1 5 Bus buffer usage example (1) 
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M37732S4AFP 


Address bus 


i 


x 


As/De- 


ma Data bus (odd) 
= DIR OC 3 


Data bus (even) 


“~~. Circuit to extend the 
write hold time by 
quickening the write 
signal. rise timing by 
1/2 on clock 


Circuit condition : 16MHz with software one-wait 





Fig. 9.1.6 Bus buffer usage example (2) (connection to device that requests long hold time during write) 


9.1.4 Connection to devices that request long access time 
Waits can be inserted in the bus to extend the access time when connecting to devices that request long 
access time. Wait can be inserted by software one-wait method which sets the wait bit of the processor 
mode register bit 2 to “O” and inserts waits for 1 cycle of the clock ¢: during the “L” level cycle of the E 
signal, or by hardware using RDY input to insert any number of wait cycles. Figure 9.1.7 shows an Ready 
generating circuit example for one-wait insertion by hardware. Hardware wait by RDY input can generate 
wait for internal area access as well. Therefore, this circuit example uses a chip select signal to specify 
the area for inserting a wait. If the external clock input frequency is 14.9MHz or greater, this circuit cannot 
be used because the setup time of the RDY input at the fall of the clock @: is insufficient. Refer to section 
“9.1.5 (5) Memory connection example at 25MHz using software one-wait and Ready function” for the use 
of Ready function when RDY input setup time is insufficient. 
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M37732S4AFP 


Data bus 


Address GS 
Address decode } eee 
latch circuit | circuit | CSz RDY signal input timing 


Address bus 


~~ 


Insert wait due to 
Ready function only 


A area accessed by Interval extended by RDY input 
2 


Circuit condition : f(Xin) $ 14.9MHz, No wait 





Fig. 9.1.7 Ready generating circuit example 


9.1.5 Memory connection examples 
Memory connection examples are described below. 


(1) Minimum model memory connection example 

Figure 9.1.8 shows a minimum model memory connection example with only ROM externally con- 
nected and Figure 9.1.9 shows a minimum model memory connection example with ROM and RAM 
externally connected. _ 2 — 
With the minimum model, R/W signal and E signal are normally used to generate the read signal RD 
and write signal WR for memory access. The BHE pin is left open because the BHE signal is not used. 
In Figure 9.1.8, Ais and R/W signals are used to generate the CE signal in order to select the external 
ROM when addresses 800016 to FFFFie are read because only ROM is externally connected. In this 
case, OE control can be performed with the E signal. This enables an EPROM with address access 
time of 100ns to be used at external clock input frequency 25MHz with software one-wait. 
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Sa cee M5M27C256AK-10 


Memory map 


0000%6[ “SFR area 


008016 
internal RAM area 


088016 


800016 


External ROM area 
(M5M27C256Ak) 


4 M5M27C256AK-15 | MSM5256BP-15 


——eee 


HCO 


Memory map 
os 
008016 : 

Internal RAM area 
OEaNie External RAM area 

(M5M5256BP) 
800016 


lExternal ROM area 
(M5M27C256AK) 





Fig. 9.1.9 Minimum model memory connection example (2) 
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(2) Maximum model memory connection example 
Figure 9.1.10 shows a maximum model memory connection example. In maximum model, the memory 
write signal must be separated the write signal into WE for even address and WO for odd address 
because the external data bus width is used as 16 bits. The write signals for even address and odd 
address are separated by using Ao of the address and the BHE signal. The read signal need not be 
separated because the microcomputer selectively inputs the data during read. 


M37732S4AFP M5M27C256AK- 15 M5M5256BP- 15 
Address bus 


A1~A7 
BYTE 
ALS29843 
Aa/Da 
-A15/D15 ie co 
ALE a 








Memory map 


000016 
008016 










Circuit condition : Software one-wait 088016 





External ROM area 
(M5M27C256AKX2) 





FFFF16 
1000016 
%# The delay time is 19ns (max.) when 
using an ALS29843 as address latch. 





External RAM area 
(M5M5256BP x2) 





1FFFFi6 


Fig. 9.1.10 Maximum model memory connection example 


(3) Memory connection example at 20MHz using software one-wait 
Figure 9.1.11 shows a memory connection example at 20MHz using software one-wait (maximum 
model). No bus buffer is required in this example because M5M27C102K-12 is used as an external 


ROM (refer to Table 9.1.4). 
(4) Memory connection example at 25MHz using software one-wait 


Figure 9.1.12 shows a memory connection example at 25MHz using software one-wait (medium model 
B). This example requires a bus buffer to prevent bus contention on the data bus. 
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M37732S4BFP M5M27C102K-12 


are Address bus Ai-A16 
BYTE a 


Databus #28 Internal RAM area 


i e 


Bus buffer is unnecessary. 1FFFFie 





Circuit condition : Software one-wait 





Fig. 9.1.11 Memory connection example at 20MHz using software one-wait 


M37732S4BFP 


Address bus (A1—A14) MSM27C256AK-85 M5M5256BP-85 


Ai-A7 


As/De— 
Ais/D15 


BYTE 


Data bus (odd) 


Data bus (even) 

D QHD 

ru fi TO Memory map 
umeill me 


FO4 

ves 008016 : 
| >< Internal RAM area 
087Fi6 


poe External RAM area 


(M5M5256BP X2) 


7FFFi6 


800016 
External ROM aree 


Circuit condition : Software one-wait (M5M27C256AKX2) 





FFFFi6 





Fig. 9.1.12 Memory connection example at 25MHz using software one-wait 
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(5) Memory connection example at 25MHz using software one-wait and Ready function 
Figure 9.1.13 shows a memory connection example at 25MHz using software one-wait and Ready 
function (medium model A). In this example, two waits which consist of a software one-wait and a 
hardware one-wait by Ready function are inserted during ROM access. 





M37732S4BFP 






Address bus 


) > or 
= 
eur — 
| Data bus 


Do~D7 
OE Memory map 
0000%[" “SFR area 


008016 






A16/ Do 












Internal RAM area 
O87Fi6L. 


Unused area 
800016 


External ROM area 
(M5M27C512AK) 


FFFFie 


17FFFie 





Circuit condition : Software one-wait 


¢1 

E 
1Q 
20 
CE 


RDY 





Fig. 9.1.13 Memory connection example at 25MHz using software one-wait and Ready function 
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(6) Memory connection example using M66800SP/FP | 
Figures 9.1.14 to 9.1.16 show memory connection examples using the M66800SP/FP (hereafter re- 
ferred to as “M66800"). The “M66800” is a memory control IC that can be connected to either word 
bus or byte bus of the “M37732”. It is equipped with an internal address decode circuit, read/write 
signal generating circuit, and an Ready generating circuit. 


{Precautions when connecting memory using the “M66800”} 
Reenforce the GND lines of the “M37732” and “M66800” in order to prevent errors due to noise. Also add 
an 80pF capacitor between the ALE signal line and GND line for safety. 


Figure 9.1.14 shows an example of adding a 64KB EPROM (M5M27C512AK-10) and a 32KB SRAM 
(MS5M5256BP-10) with no wait to the “M37732” that has an 8-bit external bus width and operates at 
12.288MHz. The RDY output pin of the “M66800” is open because it operates at no wait. 

Figure 9.1.15 shows an example of adding a 64KB EPROM (M5M27C512AK-15) and a 8KB high- 
speed SRAM (M5M5178P-45) to the “M37732” that has an 8-bit external bus width and operates at 
15MHz. The 8KB high-speed SRAM is no wait and one-wait is inserted with Ready function for the 
EPROM. CS5 (EPROM chip select signal) is input as the wait request input (WRQ) to the “M66800” 
in order to limit the area in which the Ready function is valid. 

Figure 9.1.16 shows an example of adding a 128KB EPROM (M5M27C102K-15) and two 32KB SRAMS 
(M5M5256BP-10) to the “M37732” that has a 16-bit external bus width and operates at 12.288MHz. 
The SRAM is no wait and one-wait is inserted with Ready function for the EPROM. Similar to Figure 
9.1.15, an EPROM chip select signal is used to limit the area in which the Ready function is valid. 


M66800SP/FP } 


FF 


A16-A23 
GSg |28000-2F 


F 
F 


12.288MHz 





Fig. 9.1.14 Memory connection example using “M66800” (1) 
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M37732S4AFP_ -€ 


enves M66800SP/FP }o 
BYTE | . . 


1BYTE’ A8-A15| 


AO A16-A23 


ADE-ADIS 
Gey | 2000-3FFF 


XIN 


i] H 
16MHz 


===) 
BYTE A8-A15 . : ~ 
i Se a ie 


cso 7 
——— | 8000-27FFF f= 
AD16-AD23 G66 i 


XIN 


12.288MHz 





Fig. 9.1.16 Memory connection example using “M66800” (3) 
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9.2 I/O expansion 
I/O expansion is described below. 


9.2.1 I/O expansion model 

Similar to memory connection, I/O expansion for the “M37732” can be performed for the four models shown 
in Table 9.1.1. Memory mapped |/O is used for I/O expansion. The expansion methods and precautions 
are the same as for memory connection. 


9.2.2 I/O expansion examples 
I/O expansion examples are described below. 


(1) Port expansion example using MS5M82C55AP-2/FP-2 

Figure 9.2.1 shows a port expansion example using two M5M82C55AP-2/FP-2s. This is an expansion 
example for a medium model B, and one M5M82C55AP-2/FP-2 is connected to the even number port 
side and the other is connected to the odd number port side of the “M37732” data bus to expand the 
I/O port to 48. The device reset signal is supplied from port P4s. 

When using “M37732” at 8MHz or less, bus buffers such as ALS245A become unnecessary and direct 
bus connection is possible. In this case, F32 or TC74ACT32P can be used for RD separation gate, 
and the circuit condition is no wait. 
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M37732S4AFP CSo 
CS2 
CS3 
A1-—A7 Address bus 
iCNVss 
BYTE 
ALE 
As/De— 
Ais/D15 
Ai6/Do— 
A23/D7 
P43 -——-—_—_—_—— 
E 
R/W 1 
ane D- 
BHE me ' ' ! oes 
e : i) ] 
Ao 1 ona ! 
Algae age 
XIN XouT 
CJ Circuit condition : Software one-wait 
16MHz 


Fig. 9.2.1 Port expansion example using M5SM82C55AP-2/FP-2 
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(2) Port expansion example using M66500SP/FP 
Figure 9.2.2 shows a port expansion example using M66500SP/FP. This is an expansion example for 
a minimum model which adds 24 I/O ports, 16 high voltage output ports, and 4-bit input ports. 
When using “M37732” at 8MHz or less, bus buffers such as ALS245A become unnecessary and direct 
bus connection is possible. In this case, F32 or TC74ACT32P can be used for RD separation gate, 
and the circuit condition is no wait. 


M37732S4AFP A ae 
2 


> CS3 
Address bus 


M66500SP/FP 


Circuit condition : Software one-wait 





Fig. 9.2.2 Port expansion example using M66500SP/FP 
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(3) Port expansion example using M37451M4-XXXFP 
Figure 9.2.3 shows an expansion example using an 8-bit single-chip microcomputer M37451M4-XXXFP. 
This is an expansion example for a minimum model! and the host bus interface function of the M37451M4- 
XXXFP is used. 


M37732S4AFP oS 
CSs3 


Ao—A7 ; Address bus 








As—A15 
ae CS Port PO ORR ICRR EEE 
Ao P rt Pj farsa aaa 
re) CORRE REEIO™ 
A16/Do- Data bus - aan re 
A23/D7 Port P2 CERISE 
Nees ee 
E eo eee = Port P4 }atiieces 
RW el hs 2: 
Bus interface Port P6 RCE, 
P43 RESET 
si XIN XourT 
XIN XouT oO 
C] 12.5MHz 
12.288MHz Circuit condition : No wait 


Fig. 9.2.3 Port expansion example using M37451M4-XXXFP 
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9.3 Low supply voltage version applications 
The external memory connections of the M37732S4LGP/HP (hereafter referred to as “M37732L”) are de- 
scribed below. 


9.3.1 Memory connection | 

The memory connection model, memory access time calculation method, bus timing, and memory connec- 
tion method of the “M37732L” are the same as for “"M37732”. However, some calculation equations and 
constants for parameters that depend on the external clock input frequency are different. Equation © shows 
how to calculate the memory access time taiap) and equation @ shows how to calculate the data setup time 
tsu(D). . 


ta(aD) = td(AL/AM/AH-E)+tw(EL)—tsu(DL/DH-E) 


-{address decode time+address latch delay time™} «--- © 
% Address latch delay time is not necessary for minimum model. 


teu(d) = twetj—tae-DLa@/Ha) *°°* @ 


In equation @, teAvaman-e) represents either taar-e), taam-e), OF te(AH-E) ANd tsupL/oH-E) represents either tsuot-e) 
Or tsupH-c). IN equation @, tuce-pLa/DHa) represents either tae-pLa) Or tdE-DHa). 

Table 9.3.1 shows the calculation equations and constants for parameters of “M37732L” that depend on 
the external clock input frequency. 

Figure 9.3.1 shows the relationship between memory access time tan) and external clock input frequency 
f(Xin) and Figure 9.3.2 shows the relationship between data setup time tsuo) for write and external clock 
input frequency. Similar to the graph for “M37732”, the graph in Figure 9.3.1 shows the memory access 
time when address decode time and address latch delay time are not taken into consideration. Therefore, 
these values must be subtracted from the data in the graph to obtain the actual memory access time. 
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Table 9.3.1 Parameter equation and constants depending 
on the external clock input frequency 


Parameter Veo 


f(Xin) 
td(AL-E) 
td(AM-E) 
td(AH-E) 
tw(ALE) 


2.7 to 5.5V 
f(Xin) < 8BMHzZ 


50 + 


110° 
f( Xin) 





- 125 


110° 
f( Xin) 





- 65 


2X10° | 
f( Xin) 





eC ed 


: Under the one-wait mode 
‘(the wait bit = “O”) 


tsu(DL-E) 
tsu(DH-E) 


td(E-DLQ) 
td(E-DHO} 


td(ALE-E) 
tpxz(E-DLz) 
tpxz(E-DHZ) 


tpzx(E-DLZ) 
tpzx(E-DHZ) 





10 


1X10° | 
f (Xin) 


(Unit : ns) 
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External clock input frequency f(XiN) 


% Address decode time and address latch delay time are not considered. 





Fig. 9.3.1 Relationship between memory access time and external clock input frequency 


2 
> 
” 
~~ 
® 
£ 
ew) 
joe 
= 
® 
” 
& 
w 
QO 


External clock input frequency f(XIN) 





Fig. 9.3.2 Relationship between write data setup time and external clock input frequency 
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(1) Minimum model memory connection example 


Figure 9.3.3 shows the memory connection example for a minimum model without external RAM and 
Figure 9.3.4 shows the memory connection example for a minimum model with external RAM. These 


examples use Atmel Corporation EPROM (AT27LV256R) as external ROM. 


The examples in Figure 9.3.3 and 9.3.4 access the external memory with software one-wait. To use 


these circuits with no wait, lower the external clock input frequency to 5.8MHz or less. 





AT27LV256R-30DI 
TC74AC00 





Memory map 


0000:e[ SFR area 


0080 
= Internal RAM area 






Unused area 





External ROM area 
(AT27LV256R) 






FFFFie 
Circuit condition : Software one-wait 


WH wr 
Vcc = 3.0 to 5.5V 


Fig. 9.3.3 Minimum model memory connection example (without external RAM) 
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M37732S4LGP/HP 


TC74AC32 


TC74AC04 
Se 


Memory map 


0000.e[ “SFR area | 


0080 
re Internal RAM area 


088016 
External RAM area 


(MS5M51008AFP) 
800016 


ame External ROM area 
TC74AC3 (AT27LV256R) 


Circuit condition : Software one-wait 
Vec = 3.0 to 5.5V 





Fig. 9.3.4 Minimum model memory connection example (with external RAM) 
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(2) Maximum model memory connection example 
Figure 9.3.5 shows the memory connection example for a maximum model. This example uses Atmel 
Corporation EPROM (AT27LV256R) as external ROM. 
This example accesses the external memory with software one-wait. To use this circuit with no wait, 
lower the external clock input frequency to 5.8MHz or less. 


T27LV256R-30DI 1008AFP-15VLL 
MS 7732S 2LGRIHP AT27LV AL ere eee M5M51008A 
1-A7 


BYTE 


Aa/Da 
-A1vD15 


pete 


00008016 


00088016 


Vec = 3.0 to 5.5V OOFFFFie 


Circuit condition : Software one-wait 


| 02000016 
% The delay time is 18.2ns (max.) when using an External RAM area 
TC74AC573 as address latch. (M5M51008AFPX2) 
O3FFFFi6 





Fig. 9.3.5 Maximum model memory connection example 
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(3) Ready generating circuit example 
In connection examples shown in Figures 9.3.3 to 9.3.5, use Ready function if wait is to be inserted 
only for a certain area (ROM area for example). Figure 9.3.6 shows an example of a Ready generating 
Circuit. | 


M37732S4LGP/HP 


Data bus 


Recales Address GS, 
ess la decode — 
pel circuit CE RDY signal input timing 


Adgoress bus 


TC74AC04 Insert wait due to 
Ready function only 
in area accessed by 
CE 


Interval extended by RDY input 





Fig. 9.3.6 Ready generating circuit example 
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9.4 Power saving 

Described in this section are power dissipation Conserving (power saving) of system (hereafter refers to the 
entire system including the microcomputer as system unless specified otherwise) and internal RAM back- 
up application examples using wait mode (entered by executing a WIT instruction) and stop mode (entered 
by executing an STP instruction). 

When a WIT instruction is executed, the wait mode is entered and the internal clock @ stops at “L” level 
state. The oscillator does not stop however. When an STP instruction is executed, the stop mode is entered 
and oscillation stops with the internal clock @ at “L” level state. 

In wait mode, the power dissipation is approximately 20% compared to normal operation. The power saving 
for wait mode is slightly less than that for stop mode. However, wait mode has the advantage in that an 
instruction can be executed immediately when the mode is removed. 

In stop mode, normal operation cannot restore immediately at removing stop mode because some time is 
necessary for the oscillation to stabilize. However, power is conserved considerably because oscillation is 
stopped and power dissipation is a minimal 1A (Ta=25°C). Therefore, this mode is suitable for battery 
driven portable products. 

Refer to section “Appendix 3. Stop, wait, one-wait, Ready, and Hold state” for information on wait mode and 
stop mode state. 


9.4.1 Wait mode 

In wait mode, the system power is conserved while supplying power to the entire system. 

If wait mode is entered with an external memory selected, the entire system power cannot be conserved 
because ine power dissipation of ine selected memory does not decrease. Therefore, be sure to deactivate 
the chip select signal before entering the wait mode (the method differs for each system). 

One method to deactivate the chip select signal is to execute a WIT instruction in the internal RAM area. 
Figure 9.4.1 shows an example of a WIT instruction execution circuit and Figure 9.4.2 shows an example 
of a WIT instruction execution program. In this program example, a WIT instruction is transferred to internal 
RAM from external ROM with an MVN instruction and executed in internal RAM. When a WIT instruction 
is executed in internal area, the chip select signals (CE and CS1 in Figure 9.4.1) are deactivated and no 
external memory is selected ( | memor m i 

area _in which the WIT instruction is executed). 

In addition to the chip select signal, ports must also be externally deactivated. 

In wait mode, peripheral devices such as watchdog timer are still operating. When using the watchdog 
timer, the chip select signal must be deactivated by the above procedure when terminating the watchdog 
timer interrupt and returning to wait mode with a WIT instruction. 

In the program example shown in Figure 9.4.2, if a watchdog timer interrupt occurs while in wait mode, 
writing to watchdog timer is performed in the interrupt routine and a WIT instruction is re-executed in the 
internal RAM area. If a watchdog timer interrupt occurs outside the wait mode, program runaway is assumed 
and a software reset occurs. The wait mode is removed with timer AO interrupt. 

In addition to the above, measures such as stopping the operation of timers, serial I/O, and A-D converter, 
or externally separating Vrer with cut-off transistor or analog switch can be taken to further conserve power 
(the method differs from system to system). 


[Precaution during wait mode] 

When executing a write instruction just before a WIT instruction, insert some NOP instructions after the write 
instruction to make sure the write instruction completes before the WIT instruction is executed (refer to section 
“Appendix 3. Stop, wait, one-wait, Ready, and Hold state” for the number of instructions to be inserted). 
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M37732S4AFP 


Address bus 


SL-AVSSCTOLZINSW 


Data bus (odd) 
\_Daiabus(ever) | 


TC74ACT32 


Circuit condition : Software one-wait 


st External memory is allocated in the area 
which does not overlap with internal RAM area. 


Fig. 9.4.1 Example of WIT instruction execution circuit 
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M74HC266 
TC74ACT32 
agen | —_t_ 


9.4 Power saving 


0000016 
0008016 


0087F16 


0800016 


17FFFie 


2000016 


2FFFFi6 





SlL-d&SScSNSW 


Memory map 
SFR area 


Internal RAM area 


Unused area 


External ROM area 


(MSM27C256AKX2) 


Unused area 


External RAM area 
(MSM5256BPX2) 
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SEESSSSSSRRSRRERESESRSSBSSSASSSLSSSSSKSSSSSSISSRSRSSSSSRISRSSR 


008021 E224 
008028 *648000 


008026 *6456C4 
008028 D8 


00802A *6446FFFF 


O0802E F8 
00802F «14750F 
008082 *047501 
008085 58 
008036 «644001 


0080389 
0080389 
00803B 
00803E 
008041 
008043 
008046 


(210 
A24B80 
A00001 
A812 
540000 
4C0001 


008049 
008049 80FE 
00804B 

00804B F8 
00804C (210 
OO804E *048002 
008051 EA 
008052 

008052 CB 


008053 *348001FB 


008057 «148003 


00805A 4C4980 


009000 

0038000 F8 
008001 *048001 
008004 40 


008005 
008005 F8 


008008 «24800203 


O0800A *045E08 


00S00D 
003900D *8580 


OOSOOF 40 


L 


a oe 


co 


L 


; Example of WIT instruction execution program = 
SEP Ry I > 
LDM.B #00000000B,PLG > Bit O: Wait mode restore flag 
> Bit L:WIT instruction execution flag 
LDM.B #11000100B, TAOMR > Set timer AQ 
CLM > 
LDM." #OPFPFH,TAO ; 
SEM ; 
CLB.B #00001111B,TAOIC > Clear timer AO interrupt request bit 
SEB.B  #00000001B, TAOIC ; Enable timer AO interrupt (level 1) 
CLI > Enable interrupt 
LDM.B #00000001B,TABSR > Start count 
ROM_1: 
CLP X , 
LDX.¥ #ROM_8 ; Transfer source address (external ROM) 
LDY.N = $RAM ; Transfer destination address (internal RAM) 
LDA.B A, #12H > Transfer byte count 
MVN 0,0 > Transfer data 
JMP RAM > Jump to RAM area 
ROM_2 
BRA ROM_2 
ROM_3 
SEM , 
CLP X ’ 
SEB.B §#00000010B,FLG > Set WIT instruction execution flag 
NOP > 
ROM_4 
RIT > Execute WIT instruction 
BBC.B #00000001B,PLG,ROM_4 ; Restore from wait mode ? 
> Not restore --> Execute WIT instruction again 
CLB.B #00000011B,FLG » Restore --> Clear WIT instruction execution flag 
> Clear wait mode restore flag 
JMP ROM_2 > Retern to ROM area 
ORG 9000H 
: Example of interrupt processing program = 
INT_TAO: > xax Interrupt routine for restoring from wait mode 
SEM 
SEB.B #00000001B,FL& > Restore from wait mode 
RTI 
INT_WDT: > *8% Watchdog timer interrupt‘ routine 
SEM 
BBS.B 00000010B,FLG,NDT_1 ; 
SEB.B #00001000B,PMR > Program runawauy 
; --> Software reset 
WDT_1: 
STA A, NDT > NDT interrupt 
, --> Writing to watchdog timer 
RTI 


Fig. 9.4.2 Example of WIT instruction execution program 
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9.4.2 Stop mode 

When oscillation is stopped by executing an STP instruction, the current dissipation of the “M37732" itself 
can be conserved considerably to 1A (Ta=25°C). Furthermore, when the external bus width is 8 bits (BHE 
open) and no wait (or if software one-wait is available for external memory, by transferring the STP 
instruction to internal RAM and executing it in internal RAM just as in a WIT instruction), power to the 
entire system except the “M37732” can be stopped by supplying power to only the “M37732” from a 
secondary battery such as a Lithium battery. In this case, the internal RAM is preserved (internal RAM 
back-up). 

Figure 9.4.3 shows an example of an STP instruction execution program. 

When an STP instruction is executed, “M37732” stops with “H” level output from some address pins 
because the oscillation stops after accessing the addresses in ROM near the STP instruction is allocated 
to. When power supply to external CMOS memory and CMOS gate is stopped in this state, the system 
power dissipation cannot be conserved because current flows to these devices from the “H” level ports of 
the “M37732” due to the diode effect. Therefore, this program example makes sure the address/data bus, 
ALE, R/W, and E output stop with “L” level state when executing the STP instruction (NOP instructions are 
not inserted between the STP instruction and write instruction because the oscillation is stopped in the 
middle of a write operation). 

Stop mode is removed with a hardware reset or an accepting external interrupt. If a ceramic resonator is 
used, return the RESET pin to “H” level after applying “L” level to the RESET pin for an interval longer than 
the time required for the oscillation to stabilize when returning by hardware reset. 

Figure 9.4.4 shows an example of power-on reset circuit for internal RAM back-up using a system reset 
IC M62003. 

Note that in the back-up circuit example, circuit and circuit constants must be adjusted according to the 
actual usage condition of the power supply system. 
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205 , : 

288 > : 

297 ; : 

288 ; : 

289 000022 DA PHX > Store the contents of X register to stack 
$00 00C023 89C201 LDT #01H > Set bank other than 0 

301 DT O1H ; 

302 00C026 C230 CLP X,M > Data length, register length 16 bits 
3038 00C028 A20000 LDX.¥ #0000H ’ 

304 00C02B 8001 cL BRA lab ; 

305 CROM+1 ][RAM+0] «EVEN > Adjust to even address 

3808 00C02E lab: ; 

307 O00CO2E SEFFFFOO00 LDM.N #0000H,DT:OFFFFH,X > 

308 O0COS3 DB STP > Execute STP instruction 

308 > : 

310 , : 

311 > Retern data bank register, data length and so on to the former state. 
312 > And then restore the contens which stored to stack. 

313 ; : 

314 ; : 

815 ; : 


Fig. 9.4.3 Example of STP instruction execution program for memory back-up 


Power supply 
5.5V eS 


Smoothing + 


condenser 


Back-up power 3V INT 
supply (Interrupt signal) 


M62003 


Cd RESET 


Delay GND 
condenser 0.07yF 


(Reset signal) 


M37732S4L 


% In this circuit example, a 0.07F delay condenser is used because the rise of the reset signal 
is delayed approximately 10ms. 





Fig. 9.4.4 Example of power-on reset circuit for internal RAM back-up 
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9.5 Pulse motor control application 

This section describes the case of stepping motor 1-2 excitation (without pulse width modulation) control as 
an application example using the basic functions of the pulse output port mode of the M37732 group. 
Figure 9.5.1 shows the procedure for setting the pulse output port mode and Figure 9.5.2 shows an example 
of initialization for stepping motor control. Figure 9.5.3 shows an example of updating the pulse output data 
and output timing, Figure 9.5.4 shows the output waveform example when using these programs, and Figure 
9.5.5 shows the RTPOo—-RTP13 output control block diagram. 


In this example, RTP1 is used to update pulse output data registers 1 and timer A2 in the timer A2 interrupt 
service routine during motor control. 


(Pulse output port mode) 
L 
(RTP1 selected, without pulse width modulation) 
L 
L 
Ho (Note 2) 

L 

L 


Start TA2 count 
J 
Enable interrupt 


ee ae (Note 1) 


Note 1: If RTP1 is selected with the waveform output mode register before timer A2 and A3 mode 
registers are set to “pulse output”, the contents of the corresponding port latch is output from 
pins RTP1o0 (P54) and RTP12 (P56), which are shared with the timer A output pins, independ- 
ent of the port P5 direction register. In order to prevent this, set timer A2 and A3 mode 
registers to “pulse output” before selecting RTP1 with the waveform output mode register. 
Ports P5s—P57 function as programmable 1|/O ports until timer A2 and A3 mode registers are 
set to “pulse output”. 


Note 2: The pulse output data register 1 is undefined at reset. Therefore, undefined data is output 
from pins RTP10-RTP13 after RTP1 is selected with the above procedure. The initial value 


set in pulse output data register 1 is initially output when timer A2 underflows for the first 
time. Therefore, initial output (dummy output) must be performed before starting pulse output. 


Fig. 9.5.1 Pulse output port mode setting procedure 
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992 ) BUSS Sass sssssassssSssssaSS= SsrsSsszs==== 

293 Initialization for stepping motor contro! = 

294 »====S=> SL SLA SS ASS a ae Sa ae oo oe oe 

295 ’ 

296 00C027 SUB_P1_1: 

287 00C027 78 SEI > Disable interrupt 

298 

299 DATA 8 

300 00C028 F8 SEM 

301 00C028 «144004 L CLB #00000100B, TABSR > Stop timer A2 count 

302 O0C02C «645844 L LDM #01000100B, TA2MR > Timer mode, enable pulse output, disable gate function 
308 OOCO2F «645904 L LDM #00000100B, TASMR ; Enable pulse output (set P58 to output) 
304 00C032 «646201 L LDM #00000001B, YOU TMR > Disable pulse width modulation, select RTP1 
805 00C035 «648404 L LDM #00000100B,POUTDR1 > Set initial value of pulse output data register | 
806 00C088 «14770F L CLB #00001111B, TAZIC > Clear timer A2 interrupt request bit 

$07 O0COSB «047701 L SEB #00000001B, TAZ IC ; Enable timer A2 interrupt (level 1) 

308 

309 -DATA 16 > 

310 OOCO3E D8 CLM 

811 OOCO8F «64440200 L LDM #0002H, TA2 > Initial output of timer A2 

312 

318 DATA 8 

814 00C043 F8 SEM 

815 00C044 #044004 L SEB #00000100B, TABSR > Start timer A2 count 

318 00C047 LOOP_1: 

817 00C047 *347708FC L BBC #00001000B, TAZIC,LOOP_1 ; Initial output complete? 

818 OOCO4B «144004 L CLB #00000100B, TABSR > Stop count 

319 

820 -DATA 18 

821 OOCO4E D8 CLM 

822 OOCO4F xB44A204E L LDM #4E20H, TAZ > Set timer A2 initial value (period:20000 “és at 16MHz) 
323 

324 DATA 8 

825 0OC053 F8 SEM 

328 00C054 *147708 L CLB #00001000B, TAZ IC > Clear timer A2 interrupt request bit 

827 00C057 «044004 L SEB #00000100B, TABSR > Start timer A2 count 

828 OOCO5A 58 CLI > Enable interrupt 

329 

330 OOCO5B 60 RTS 


Fig. 9.5.2 Example of initialization for stepping motor control 
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naan eos ae ae can eemrane ces eae gu aim ms one Sen une ane aus wan Goma cam nay Oe com Ses SS ons NAD Ow cum em cen Om eee GD TD as ND OOS ma EE aD Oe So 


Timer A2 interrupt 
Updating of pulse output data and 
output timing (timer A2 data) J 


’ 

INT_TA2: 
-DATA 16 
CLM 


PHA Store registers 
SEM 


A, PLS_DATA Change pulse output data register 1 
A, POUTDR1 


18 
A, TA2_DATA Change timer A2 data 
A, TAZ 


Next PLS_DATA,TA2_DATA caluculation 
and so on 


wewewewe we 


> Restore registers 


333 
334 
335 
338 
337 
338 
839 
340 
841 
342 
343 
344 
845 
348 
347 
348 
349 
350 
351 
852 
353 
354 
856 
858 
357 
858 
359 
380 
$81 
362 
363 


Timer A2 
underflow 
signal 





Fig. 9.5.4 Example of output waveform for stepping motor 1-2 excitation (without pulse width modulation) 
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function selection RTP} selection 
: Pulse output : ‘Selected | 
a : oO 


Direction register 


: ' 3 
= No pulse output : 



















Selected 

Pulse output ‘Oo 3 
Timer A output : ; Pulse output: 
: Not selected : 





Port latch 


a8 M Ph Ma atte al, 


Input 





RTPj selection 
‘Selected: 














Direction register : ne: 
: Not selected : 
B ; : 


Port latch : 
: Not selected : 


Pulse output 
| : Selected 
——O) 






Input 


% The waveform output mode register is used for RTPj selection and the timer Ai mode reigster 
is used for pulse output function selection. 


Fig. 9.5.5 RTPOo-RTP13 output control block diagram 


[Note] 
With the M37730 group, the RTP1s pin is shared with P60/TA4our pin rather than P57/TA3wn pin. In addition, 


with the M37730 group, pulse output can be enabled/disabled with the waveform output control bit (bit 7 at 
address 6216) and INTo input (refer to section “CHAPTER 8. M37730 GROUP” for information on M37730 


group). 
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9.7 Program examples 

The program examples listed below are shown in the following pages. These program examples show how 
to set various registers when using each function. When using any of these program examples in actual 
application, be sure to modify it according to the type of application and evaluate the result carefully. 


9.7.1 Hardware definition examples 
9.7.2 Initialization examples 


9.7.3 Timer setting examples 
(1) Timer A: Timer mode (without pulse output) 
(2) Timer A -- Timer mode (with pulse output) 
(3) Timer A -: Event counter mode 
(4) Timer A: Event counter mode (two-phase pulse signal processing function) 
(5) Timer A -::- One-shot pulse mode (internal trigger) 
(6) Timer A -: One-shot pulse mode (external trigger) 
(7) Timer A -:-- PWM mode (16-bit PWM) 
(8) Timer A: PWM mode (8-bit PWM) 
(9) Timer B --- Pulse period measurement mode 
(10) Timer B -:- Pulse width measurement mode 


9.7.4 Pulse qutnut port mode setting exainpies 
(1) Without pulse width modulation (2) With pulse width modulation 

9.7.5 Serial I/O modes setting examples 
(1) 8-bit UART (1-byte receive) (5) Clock synchronous (1-byte transmit) 
(2) 8-bit UART (1-byte transmit) (6) Clock synchronous (n-byte transmit) 
(3) 8-bit UART (n-byte transmit) (7) Error processing 


(4) Clock synchronous (1-byte receive) 
9.7.6 A-D conversion modes setting examples 
(1) One-shot mode (3) Single sweep mode 
(2) Repeat mode (4) Repeat sweep mode 
9.7.7 Interrupt processing examples 
(1) interrupt setting examples 
(2) Interrupt processing example (When memory space is 64K bytes or less.) 
(3) Interrupt processing example (When memory space exceeds 64K bytes.) 


9.7.8 Watchdog timer setting examples 
(1) Watchdog timer write routine (2) Watchdog timer Interrupt processing example 


9.7.9 Software timer setting examples 


9.7.10 Interrupt vector setting example 
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9.7 Program examples 


9.7.1 Hardware definition examples 
This is a setting example for a program that defines SFR (refer to page 24 for information on SFR). 
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19 O0000A 
20 (00000A) 
21 (00000B) 
22 

23 00000C 
24 (00000C) 
25 (00000D) 
28 

27 00000E 
28 (00000E) 
29 (00000F) 
30 

31 000010 
32 (000010) 
33 (000011) 
34 

85 (000012) 
36 

87 (000014) 
38 


1H BYTE 
1H BYTE 


1H BYTE 
1H BYTE 


1H BYTE 
1H BYTE 


1H BYTE 


1H BYTE 


2H BYTE 


1H BYTE 





oe eKeccedeeceReee oleee eee SOURCE STATEMENT....5....Beee Bs Be eal oc hcass Oce Bikes Besant 
1 - SECTION SPR_AREA 
1; 
| ,Scaessmrssssssssssseasssssass Sssssasssessssssess 
1; Port registers = 
1 »SSaSSssess sss SS SSS ce nce av ronan sean avenane: aa aSanene 
1; 
1 ORG OOOOOAH 
1 P45: > Port P4, P65 registers 
1 Pé: -BLKB 1 > Port P4 register 
1 PS: -BLKB 1 > Port P& register 
| perm rrr nr nnn cnn e rene nen cr weeennnce 
1 P45D: > Port P4, P5 direction registers 
1 P4D: -BLKB 1 > Port P4 direction register 
1 PSD: -BLKB 1 > Port P5 direction register 
| i tea telatetatatattateatatatataatetatatatete atetatatehatetattatetatatatatal 
1 P67: > Port P6, P7 registers 
1 PB: -BLKB 1 > Port P6 register 
1 P7: -BLKB 1 > Port P7 register 
| EP Totes ltertatteta aatetatatetatatatatetate etatatetetetatetetatetametatetal 
1 P67D: > Port P6, P7 direction registers 
1 P6D: -BLKB 1 > Port P6 direction register 
1 PTD: -BLKB 1 > Port P7 direction register 
] rrr r ern e renner ee mene en wnn conn emnennn 
1 P8: -BLKB 2 > Port P8& register 
| prtee rrr ere w meen enn nner ocee meeenmwnoren 
1 P8D: BLKB 1 > Port P8 direction register 
1; 
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SEQ. LOC. OBJ. wc Meccebe es eMeessleee Meee SOURCE STATEMENT... .5..6 Bees Bree Moree doce Meee cBoeeeKeeeeDeceeKens 
4i ) SESS SSSA essa Sssss sss sassass Saseasssassssssssss 
42 , A-D conversion registers = 
43 » PSST SSS SSS SS SSS a SSaSssSss SsesssssssSSsSssss= 
44 ) 
45 -ORG = O0001EH 


48 (00001E) 1H BYTE 
47 (00001F) 1H BYTE 


ADCON: .BLKB 1 
ADSPS: .BLKB 1 


A-D control register 
A-D sweep pin selection register 


we we 








48 pete Seeman sewn ewes annemnnnas cwwwroncowe 

49 (000020) 2H BYTE ADO: -BLKB 2 ; A-D register 0 

50 j TRESS eM EM ween NR eR anmeTE eeweeetowee 

61 (000022) 2H BYTE ADI: ~BLKB 2 > A-D register 1 

§2 aan au 

§3 (000024) 2H BYTE AD2: -BLKB 2 > A-D register 2 

54 ) PONS Meee ewewemnemmnnnwesennes waceroweeee 

55 (000026) 2H BYTE ADS: -BLKB 2 > A-D register 8 

56 9 SOS See e ew ewnmnamamenmewsosan werewreonce 

§7 (000028) 2H BYTE AD4: -BLKB 2 > A-D register 4 

58 p TOO Reet ewww e memenenonens ceoreeceeee 

59 (00002A) 2H BYTE ADS: ~BLKB 2 > A-D register 5 

60 ptt ere n en rn nnn nnn nw ee wen wasencennen 

61 (00002C) 2H BYTE ADS: -BLKB 2 > A-D register 6 

62 9 POR n Ream w een men enanawaannne eonensacene 

63 (00002E) 2H BYTE ADT: -BLKB 2 > A-D register 7 

64 , 

65 ) SSSR MANS SS sss Aass a assssSSssas ssssassssss=s=sss=s= 

66 ; Serial I/0 0 registers = 

67 ) SERS SSS SSS aSsassassssassssss SsSssssssassssssss= 

68 , 

69 000030 SOMXB : ’ 

70 (000080) 1H BYTE SOMR: .BLKB 1 > UARTO transmit/receive mode register 
71 (000031) 1H BYTE SOBRG: .BLKB 1 > UARTO baud rate register 
72 aaah te aaa 

73 000082 SOTB: UARTO transmission buffer register 


74 (000082) 1H BYTE 


’ 
SOTBL: .BLKB 1 ; UARTO transmission buffer register (low-order) 
75 (000083) 1H BYTE : 


; UARTO transmission buffer register (high-order) 





78 pur es Ones Sat see aes sea resases ed lessteSe= . 

77 000034 SOC: > UARTO transmit/receive control register 
78 (000084) 1H BYTE SOCL: .BLKB 1 > UARTO transmit/receive control register 0 
78 (000085) 1H BYTE SOCH: .BLKB 1 > UARTO transmit/receive control register | 
80 gD TEP ROSES ERS kS ee a Rasen esas eeahedemansse 

81 000036 SORB: > UARTO receive buffer register 

82 (000036) 1H BYTE SORBL: .BLKB 1 ; UARTO receive buffer register (low-order) 
88 (000037) 1H BYTE SORBH: .BLKB 1 > UARTO receive buffer register (high-order) 
84 ’ 

85 » SSSS Ses SsSsasssssSasassssssss Sasesssssssssasssa= 

86 , Serial 1/0 1 registers = 

87 » RUSS SReesossasssssmesssssssss Ssssssssssssssssszs= 

88 , 

89 000038 SIMxB ; ’ 

80 (000038) 1H BYTE S1MR: .BLKB 1 ; UART1 transmit/receive mode register 

91 (000089) 1H BYTE SIBRG: .BLKB 1 > UART1 baud rate register 

92 aaa a a a als 

93 000038A SITB: > UART1 transmission buffer register 


94 (00003A) 1H BYTE 


5) 
SITBL: .BLKB 1 ; UART] transmission buffer register (low-order) 
95 (00003B) 1H BYTE > 


UART1 transmission buffer register (high-order) 


96 Qe a ern epee ae nae ne aa ee ee ene ne ene 

87 00008C S1C: > UART1 transmit/receive control register 
98 (00008C) 1H BYTE 1 SICL:  .BLKB 1 > UART! transmit/receive control register 0 
88 (00008D) 1H BYTE 1 SICH: .BLKB 1 ; UART1 transmit/receive control register 1 
100 | paren nn nn nn nnn nen nn nn en ene n en anne en en nen 

101 O0003E 1 SIRB: UART1 receive buffer register 


102 (00003E) 1H BYTE 1 SIRBL: .BLKB 1 
108 (00003F) 1H BYTE 1 SIRBH: .BLKB 1 
104 1 ; 


UART1 receive buffer register (low-order) 
UART1 receive buffer register (high-order) 


wewe we 
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SEQ. LOC. OBJ. coceBecccloce Meee cdeveche se SOURCE STATEMENT. 2.05.00 .Meee Be veeBeveeleeeeMeer Bere Meee cDeereBees 
107 | Seas ssassssssssssssssmssssssssssssssssssssssssss 
108 1; Timer registers = 
108 1 ) BASE MAASSSSSSS SSS ERAS Iss sass Ssasssssassssssszss 
110 1; 
111 (000040) 2H BYTE 1 TABSR: .BLKB 2 > Count start flag 
112 |] pret meter ec ence coc wnemwmnas cnerennnnwe 
118 (000042) 2H BYTE 1 ONSF: .BLKB 2 > One-shot start flag 
114 1] cen cece een cree coc ewnewwnes eneewwcenes 
115 (000044) 2H BYTE 1 UDP: -BLKB 2 > Up-down flag 
118 | poten orem renew ens con ewens enn ennnnsecece 
117 000048 1 TAO: > Timer AO register 
118 (000048) 1H BYTE 1 TAOL: .BLKB 1 > Timer AO register (low-order) 
119 (000047) 1H BYTE 1 TAOH: .BLKB 1 ; Timer AO register (high-order). 
120 ] pore n terre nner n en eww eneewnnee mewnenwrone 
121 000048 1 TAL: > Timer Al register 
122 (000048) 1H BYTE 1 TAIL: .BLKB 1 > Timer Al register (low-order) 
123 (000049) 1H BYTE 1 TAIH: .BLKB 1 > Timer Al register (high-order) 
124 Jn errr enn cee n nnn nn nn wm nen nnenne 
125 O0004A 1 TA2: > Timer A2 register 
128 (00004A) 1H BYTE 1 TA2L: .BLKB 1 > Timer A2 register (low-order) 
127 (000048) 1H BYTE 1 TAQH: .BLKB 1 > Timer A2 register (high-order) 
128 9 Oe ce renew ew wne cen een nears enceweesenn 
128 00004C 1 TAS: > Timer A’ register 
180 (00004C) 1H BYTE 1 TASL: .BLKB 1 > Timer A3 register (low-order) 
181 (00004D) 1H BYTE | TASH: .BLKB 1 > Timer AS register (high-order) 
182 9 Pore cere n meee nnn seems mecwes comensewces 
188 O0004E 1 TA4: > Timer A4 register 
184 (00004E) 1H BYTE 1 TA4L: .BLKB 1 > Timer A4 register (low-order) 
185 (00004F) 1H BYTE 1 TA4H: .BLKB 1 > Timer A4 register (high-order) 
186 jan eer n lene neem n en nenene memennenene 
187 000050 1 TBO: > Timer BO register 
188 (000050) 1H BYTE 1 TBOL: .BLKB 1 > Timer BO register (low-order) 
189 (000061) 1H BYTE 1 TBOH: .BLKB 1 > Timer BO register (high-order) 
140 |] pore cere we renew ereewnnw nena cmecnnecenn 
141 000062 1 TB1: > Timer Bl register 
142 (000052) 1H BYTE 1 TBIL: .BLKB 1 > Timer Bl register (low-order) 
148 (000053) 1H BYTE 1 TBIH? .BLKB 1 > Timer Bl register (high-order) 
144 9 ORNS ene nen enna meen enmnnnes coceewcenes 
145 000054 1 TB2:; > Timer B2 register 
146 (000054) 1H BYTE 1 TB2L: .BLKB 1 > Timer B2 register (low-order) 
147 (000055) 1H BYTE 1 TB2H: .BLKB 1 > Timer B2 register (high-order) 
148 } PR e eRe nen eN cemn ne manens menamewwwee 
148 000056 1 TAOIMR: > Timer AO, Al mode registers 
150 (000058) 1H BYTE 1 TAOMR: .BLKB 1 > Timer AO mode register 
151 (000057) 1H BYTE 1 TAIMR: .BLKB 1 > Timer Al mode register 
152 |] prren cern e nnn nnn e new ennne meneneenewe 
158 000058 1 TAZSMR: > Timer A2, AS mode registers 
154 (000058) 1H BYTE 1 TA2MR: .BLKB 1 > Timer A2 mode register 
155 (000059) 1H BYTE 1 TA3MR: .BLKB 1 > Timer AS mode register 
158 [free con nen n enw n ew een nenen wan comewencnne 
157 OOO05A 1 TA4BOMR: > Timer A4, BO mode registers 


158 (00005A) 1H BYTE 1 TA4MR: .BLKB 1 
159 (000058) 1H BYTE 1 TBOMR: .BLKB 1 
160 1 
161 O0005C 1 
162 (00005C) 1H BYTE 1 TBIMR: .BLKB 1 
1 
1 


Timer A4 mode register 
Timer BO mode register 


we we 


Timer B1, B2 mode registers 
Timer Bl mode register 
183 (00005D) 1H BYTE TB2MR: .BLKB 1 > Timer B2 mode register 


164 
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SEQ. LOC. 


187 
168 
168 
170 
171 (O0005E) 
172 
178 
174 
176 
178 
177 (000080) 
178 (000081) 
178 
180 
181 
182 
188 
184 (000062) 
185 (000084) 
188 (000085) 
187 
188 
189 
190 
191 
192 
183 000070 
194 (000070) 
195 (000071) 
198 
187 000072 
198 (000072) 
183 (000078) 
200 
201 000074 
202 (000074) 
208 (000075) 
204 
205 000076 
208 (000076) 
207 (000077) 
208 
208 000078 
210 (000078) 
211 (000078) 
212 
213 O0007A 
214 (00007A) 
215 (00007B) 
218 
217 00007C 
218 (00007C) 
219 (00007D) 
220 
221 OO0007E 
222 (00007E) 
223 (00007F) 
224 
225 


OBJ. 


2H BYTE 


1H BYTE 
1H BYTE 


2H BYTE 
1H BYTE 
1H BYTE 


1H BYTE 
1H BYTE 


1H BYTE 
1H BYTE 


1H BYTE 
1H BYTE 


1H BYTE 
1H BYTE 


1H BYTE 
1H BYTE 


1H BYTE 
1H BYTE 


1H BYTE 
1H BYTE 


1H BYTE 
1H BYTE 


ee ee ee ee ee ee ee ee ee ee ee ee ee eS ee ee! le! 


—_ 


(er ne er nn ne ee ee ee ee ee ee ae ee | 


coe eMeccelececKeee cdeee Kees SOURCE STATEMENT . 00800 Bove Boe ccBecvedoceekeesedeccchevccdeccsMeee 








> Processor mode register = 

; 

PMR: ~BLKB 2 > Processor mode register 

; Watchdog timer registers = 

; aad ae Gon CaS aba Oa ens SGD SES ams mas-eur eae Gau-emnenDene eases eanson careme aaream coven eaan aman omen anamenen enone anmnanes 

; 

WOT: -BLKB 1 > Watchdog timer 

WDC: -BLKB 1 > Watchdog timer frequency selection flag 











OUTMR: .BLKB 2 
POUTDR1:.BLKB 1 
POUTDRO: .BLKB 1 


> Waveform output mode register 
> Pulse output data register 1 
> Pulse output data register 2 





’ Interrupt control registers = 
’ 

ORG 000070H 
ADxSOTIC: 
ADIC: .BLKB 1 > A-D conversion interrupt control register 
SOTIC: .BLKB 1 > VARTO transmission interrupt control register 
; (2 GR OS SD OS OP GD A OD ID OS SS DO OD OP OD SD OO OOD ED SO OD GD ED OF OO OO ON Ow OT On 
SORXSITIC: 
SORIC: .BLKB 1 > UARTO receive interrupt control register 
SITIC: .BLKB 1 ; UARTI transmission interrupt control register 
SIRXTAOIC: 
SIRIC: .BLKB 1 > UART! receive interrupt control register 
TAOIC: .BLKB 1 > Timer AO interrupt control register 
TALXTA2IC: 
TALIC: .BLKB 1 > Timer Al interrupt control register 
TAZIC: .BLKB 1 > Timer A2 interrupt control register 
> Trrrrrrrrtttttrrirrrrrrrrrerirrtrrrteree Cl 
TASxTA4IC: 
TASIC: .BLKB 1 > Timer AS interrupt control register 
TA4IC: .BLKB 1 > Timer A& interrupt control register 
> ITT TrTrirrrrrrrererrertrrrrrrrtreel try TTT 
TBOXTBLIC: 
TBOIC: .BLKB 1 > Timer BO interrupt control register 
TBIIC: .BLKB 1 > Timer Bl interrupt control register 
> Ole OES ORE HO RSM OS SENSES SSEene Saseeeueeee 
TB2xINTOIC: 
TB2IC: .BLKB 1 > Timer B2 interrupt control register 
INTOIC: .BLKB 1 > INTO interrupt control register 
> SNe AHS MOD ONENONa On DOnOnDEweun Bhan enn we 
INTIXINT2IC: 
INTIIC: .BLKB 1 > INT1 interrupt control register 
INT2IC: .BLKB 1 > INT2 interrupt control register 
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9.7.2 Initialization examples 
This is a setting example for a program that clears RAM and initializes stack pointer, direct page register, 
and data bank register. 


SEQ. 


242 
248 
244 
245 
246 
247 
248 
248 
250 
251 
252 
263 
254 
255 
268 
257 
258 
268 
260 
281 
262 
263 
264 
265 
266 
267 


296 


298 
299 
300 
301 
302 
308 


LOC. 


000.000 
000001 


000003 
000008 
00C007 
OOCOOA 
00C00B 
OOCO0E 


000012 
000015 
000018 
000018 
O0CO1A 
00C01B 
00C01C 
OOCOIF 


000021 


000022 
000025 
000025 


OBJ. 


78 
C238 


A27F08 

9A 

A80000 

5B 

890200 
%845E2200 L 


A27E08 
A80000 


*9500 
CA 
CA 


EO7E00 
DOF7 L 


F8 


200000 L 


SOFE L 


vee eKecceleeceMecesdeee Kees SOURCE STATEMENT . 605... Meee BocceBrccedececKscccdeccekeceeBeceeSece 


Initialization routine = 








These are assembler declarations. 
Flags and registers used 

in the program must match 

these declarations. 


SECTION PROGRAM > Section name 
-ORG  OCOOOH > Start address 
DATA 18 > Data length 
~ INDEX 16 > Index register length 
DP 0000H > Direct page 
DT OOH > Data bank 
, Initialize registers and flags = 
Sc cla venpucnsaGediseesueswomseecceusesses 
, 
INITIAL: 
SEI > Disable interrupt 
CLP My XoD > Set data and index register length to 16 bits 
> Binary operation mode 
LDX #087FH > 
TXS > Stack pointer=the highest address of RAM 
LDA A, #0 > 
TAD > Direct page=0H to FFH 
LDT #0 > Data bank=bank 0 
LDM #0022H,PMR ; Interrupt priority detection time=2¢ cycles 
> Microprocessor mode 


, Clear RAM = 

LDX #087EH , 

LDA A, #0 » Set initial value (OH) in accumulator A 
RAM_CLR: > 

STA A,0,X > Write contents of accumulator A to specified 

DEX > RAM area in 16-bit units 

DEX ? 

CPX #07EH , 

BNE RAM_CLR , 


Change register model = 
(if necessary) = 


wewe wo We 


DATA 8 ; > Data length 

SEM ; Data length 8 bits 
; 
, , 

JSR SUB_T1_1 > Initialization of timer and so on 
E_LOOP: 

BRA E_LOOP Main routine 


e 

> 
° ° e 
> 9 e 
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9.7.3 Timer setting examples 


(1) Timer A 


eeaecen 


Timer mode (without pulse output) 


This is a setting example for a program that sets the interrupt request bit to “1” every 500us using 
timer AO (refer to page 66 for information on timer mode). 


SEQ. 


SESRS 


iv] 
co 
f— 


SEEEEESESSSRRLER 


347 


LOC. OBJ. 


00D000 


OOD000 E224 
00D002 «144001 
OODO0S *645600 


oonone pa 


Www ww 


OODO0S *6446CF07 


OODOOD F8 
OODOOE %14750F 
0ODO11 *047507 
00D014 *044001 
O0D017 +58 


00D018 60 


1 


cvceMcccclecscBee 


, 
’ 
, 
Ss 


0 ole ee eBeee SOURCE STATEMENT... 05... 0M o06 .Bo cs Mee Doc Meo Bene Men Den oan 


[Timer A: Timer mode J 
Without pulse output 


28 DD HED Oe SAEED OR OU WO Om OD Om One nO 0 Oo De EOD ee oe On PO oD a 
RC ASO OGD PRD ED ND 


Timer 
Mode 


: Timer AO 


: Timer mode 


Pulse output : Disabled 
Gate function: Disabled 
Count source : f(XIN)/2 


UB_T1_1: 
-DATA 
SEP 
CLB 
LDM 


-DATA 


me 
cu 


LDM 
DATA 
SEM 
CLB 
SEB 
SEB 
CLI 


> Hereafter, interrupt request bit is set to 


RTS 


8 

a, | 

#00000001B, TABSR 
#00000000B, TAOMR 


16 


#2000-1, TAO 
8 


#00001111B, TAOIC 
#00000111B, TAOIC 
#00000001B, TABSR 





» 


=e we we we 


wewe wo Ve we 


> Data length 8 bits, disable interrupt 


Stop timer AO count 
Timer mode, disable pulse output and gate function 
Count source=f(XIN)/2 


Data length i6 bits 
Set counter value (period:500 “s at 8MHz) 


Data length 8 bits 

Clear timer AO interrupt request bit 
Enable timer AO interrupt (level 7) 
Start timer AO count 

Enable interrupt 


“1” every time timer AO underflovws. 


335 


APPLICATION 


9.7 Program examples 





(2) Timer A -:> Timer mode (with pulse output) 
This is a setting example for a program that outputs the pulse of inverse phase every 500us from the 
TAOourt pin using timer AO (refer to page 66 for information on timer mode). 














SEQ. LOC. OBJ. 0c Me cced ces oe ee cleeeeMeee SOURCE STATEMENT. 0.5... Bove BovocResocdoveckececBeeesMecccdeceekers 
858 ] ,seasscasss= Sossasassssss Sessessssssssssssss 

357 1; [Timer A: Timer mode J = 

358 1; Hith pulse output = 

359 | (| SsaBoararesasemenesesssssssss csasssesssssssssass 

360 1; Timer > Timer AO 

361 1; Mode : Timer mode 

362 1; Pulse output : Enabled 

363 1; Gate function: Disabled 

364 1; Count source : f(XIN)/2 

365 1; 

866 00D019 1 SUB_T1_2: 

367 1 DATA 8 

368 O0D0I9 F8 1 SEM > Data length 8 bits 

869 OODOIA «144001 LI CLB #00000001B, TABSR > Stop timer AO count 

870 OODOID «645604 Ll LDM #00000100B, TAOMR > Timer mode, enable pulse output, disable gate function 
871 1 ; Count source=f(XIN)/2 

872 1 DATA 16 

873 00D020 D8 1 CLM > Data length 16 bits 

374 00D021 *6446CF07 Ll LDM #2000-1,TAO > Set counter value (period:500 “s at 8MHz) 
875 1 DATA 8 

876 O0D025 F8 1 SEM > Data length 8 bits 

877 00D028 *14750F Ll CLB #00001111B, TAOIC > Disable timer AO interrupt 

378 00D029 «044001 Ll SEB #00000001B, TABSR > Start timer AO count 

378 1; 

380 1; X Hereafter, phase of output pulse inverts every time timer AO underflovs. 
381 1; 

882 O00D02C 60 1 RTS 


336 


APPLICATION 


9.7 Program examples 





(3) Timer A: Event counter mode 
This is a setting example for a program that sets the interrupt request bit to “1” for every 100 count 
of external clock input to the TA1in pin (refer to page 72 for information on event counter mode). 


wa 
B 
8 


SSSSSSSRSSRSSERSSSRSSSSS 


OBJ. 


00D02D 


OOD02D E224 

OOD02F *140D08 
OOD082 «144002 
QODO35 *845701 


OOD038 «144402 


OOD03B D8 
OODOSC *64486300 


00D040 F8 
00D041 *14760F 
00D044 «047603 
00D047 *044002 
QOD04A 58 


OOD04B 60 


wewe 


Sa we we we we we we we 


UB_T2: 


-—eewe we 


ob ne eMac s Leen eBeee SOURCE STATEMENT . oo 05. 00 Mone Boor cMovccdoccckheceeBecccRecceDeceeMeee 











TTimer A: Event counter mode J = 




















Timer > Timer Al 

Mode : Event counter mode 

Pulse output : Disabled 

Count polarity: Pall 

Up/down switch: Contents of up/down flag 


-DATA 8 

SEP ny! > Data length 8 bits, disable interrupt 

CLB #00001000B ,, P5D > Set P53/TALIN pin to input mode 

CLB #00000010B, TABSR > Stop timer Al count 

LDM #00000001B,TAIMR > Event counter mode, disable pulse output 
> Select falling edge count, up/down flag 

CLB #00000010B, UDF > Set to decrement count 

-DATA 16 

CLM > Data length 16 bits 

LDM #100-1,TA! > Set counter value 

DATA 8 

SEM > Data length 8 bits 

CLB #00001111B,TALIC > Clear timer Al interrupt request bit 

SEB #00000011B,TA1 IC ; Enable timer Al interrupt (level 3) 

SEB #00000010B, TABSR > Start timer Al count 

CLI > Enable interrupt 


% Hereafter, interrupt request bit is set to “1” at every 100 count. 


RTS 
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(4) Timer A: Event counter mode (two-phase pulse signal processing function) 
This is a setting example for a program that increments the count of the rising edge input to the TA2in 
pin and decrements the count of the falling edge input to the TA2in pin while the TA2our pin level is 
“H” (refer to page 72 for information on event counter mode). 





SEQ. LOC. OBJ. wee eceeleeeeMeee cece eMee coSOURCE STATEMENT. 64.5.0. 0€s 00 cBooecMeeeeTeeeeMececBeeesBooecDeceeKees 
422 1 ’ °se=s eee eres ees eee eee esses essssssssssssssssss:: 

423 1; [Timer A: Two-phase pulse signal processing function) = 

424 | ) Seas sassasesmessssesassesenessssssasass Sores ssseserrasses sesessess 

426 1; Timer: Timer A2 

427 1; Mode : Event counter mode 

428 1; (two-phase pulse signal processing function) 

423 1; 

430 O0D04C 1 SUB_TS3: 

431 1 -DATA 8 

432 OOD04C F8 1 SEM > Data length 8 bits 

433 O0D04D «140D380 Ll CLB #001 100008 , P5D > Set P54/TAZOUT, P55/TAZIN pins to input mode 

434 OODO50 «144004 Ll CLB #00000100B , TABSR > Stop timer A2 count 

435 O00D053 «645811 Ll LDM #00010001B,TA2MR > Event counter mode 

436 OODOSE «644420 Ll LDM #00100000B, UDF > Select two-phase pulse signal processing function 
437 1 -DATA 16 

438 0O0D059 D8 1 CLM > Data length 16 bits 

489 OODO5SA «64440080 L1 LDM #8000H, TA2 > Set counter value 

440 1 -DATA 8 

441 OODOSE F8 1 SEM > Data length 8 bits 

442 OODOSP «14770F Ll CLB #00001111B,TA2ZIC > Disable timer A2 interrupt 

443 O0D062 «044004 Ll SEB #00000100B,TABSR > Start timer A2 count 

444 1; 

445 1; % Hereafter, the counter is incremented when rising edge is input to TA2IN pin and 
446 1; decremented when falling edge is input to TAZIN pin while TA2OUT pin level is “H”. 
447 1; 

448 OOD065 60 1 RTS 
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(5) Timer A« One-shot pulse mode (internal trigger) | 
This is a setting example for a program that outputs a 500us width “H” level pulse for 1 pulse period 
from the TASout pin when a trigger (internal trigger) is generated with a one-shot start flag (refer to 
page 79 for information on one-shot pulse mode). 








SEQ. LOC. OBJ. ogo Rieiecieds wie's Raeais es Besos SOURGE: SIATEMENT 6 cies Oy cevBe ow cece Moses 1 owe eBeaccOces Bese Oe.ecEees 
452 | 2) SSeS SS ae as ese eeese aes 

458 1; [Timer A: One-shot pulse mode J = 

454 tT; When internal trigger is selected = 

455 | {Sasa sssssssssssssssasssssssas sasssssesssesssssss 

458 1; Timer : Timer A8 

457 1; Mode > One-shot pulse mode 

458 1; Trigger > One-shot start flag 

459 1; (Internal trigger) 

460 1; Count source: f(XIN)/2 

461 1; 

462 OOD068 1 SUB_T4_1: 

463 1 DATA 8 

464 OODO6S F8 | SEM > Data length 8 bits 

485 OODO87 *144008 Ll CLB #00001000B, TABSR > Stop timer A3 count 

488 OODOBA *645906 L1 LDM #00000110B, TASMR > One-shot pulse mode, internal trigger 
487 1 > Count source=f(XIN)/2 

468 1 -DATA 16 

488 OONOsD D8 1 CLM > Data length 16 bits 

470 OODOGE *844CD007 Ll LDM #2000, TAS > Set counter value (500 us at 8MHz) 
471 1 DATA 8 

472 OOD072 F8 1 SEM > Data length 8 bits 

473 OOD073 *14780F Ll CLB #00001111B,TASIC > Disable timer AS interrupt 

474 OODO76 044008 Ll SEB #00001000B, TABSR > Start timer A3 count 

475 OODO7S8 #644208 Ll LDM #00001000B, ONSF > Generate timer AS one-shot trigger 
476 . 1; 

477 1; % Hereafter, “H” level pulse with the specified width (500 Us at 8MHz) is output. 
478 1; 

478 OODO7C 60 i RTS 
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(6) Timer A -::- One-shot pulse mode (external trigger) 
This is a setting example for a program that outputs a 500us width “H” level pulse for 1 pulse period 
from the TASout pin when a falling edge (external trigger) is input to the TA3w pin (refer to page 79 
for information on one-shot pulse mode). 





SEQ. LOC. OBJ. oceeB cceeds ees Resos dees cB eves SOURCE, STATEMENT «00 Oss eB siec Bisse Becies boca oBeicecOe seek nce v Gras eBees 
482 ]  Sessossssssssassassamssssersss ssssessasssssssssss 

483 1; [Timer A: One-shot pulse mode J = 

484 1; When external trigger is selected = 

485 |  stessasnessssssssssssssssssss sassssssssssssssass 

486 L; Timer > Timer A3 

487 1; Mode : One-shot pulse mode 

488 1; Trigger > Falling edge of TASIN 

489 1; (External trigger) 

490 15 Count source: f(XIN)/2 

491 1; 

492 O0D07D 1 SUB_T4_2: 

493 1 DATA 8 

494 OODO7D F8 1 SEM > Data length 8 bits 

495 OODO7E *140D80 L1 CLB #10000000B, P5D > Set P57/TASIN pin to input mode 

486 00D081 «144008 Li CLB #00001000B, TABSR > Stop timer A’ count 

497 OOD084 «645916 Ll LDM #00010110B, TASMR ; One-shot pulse mode, external trigger 
498 1 ; Count source=f(XIN)/2 

499 1 -DATA 18 

500 00D087 D8 1 CLM > Data length 16 bits 

601 OOD088 *644CD007 Ll LDM #2000, TAS ; Set counter value (500 us at 8MHz) 
§02 1 DATA 8 

503 OODO8C F8 1 SEM > Data length 8 bits 

504 OODO8D «14780F L1 CLB #00001111B, TASIC > Disable timer A3 interrupt 

505 O0D080 *044008 Ll SEB #00001000B, TABSR > Start timer A3 count 

508 1; 

§07 1; XX Hereafter, “H” level pulse with the specified width (500 us at 8MHz) is output 
508 1; when falling edge is input to TASIN pin. 

508 1; | 

510 OOD083 &0 1 RTS 
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(7) Timer A :::: PWM mode (16-bit PWM) 
This is a setting example for a program that outputs a 16.3ms period 500us width “H” level pulse from 
TA4out pin using timer A4 (refer to page 84 for information on PWM mode). 


SEQ. 


515 
516 
517 
518 
519 
620 
21 
§22 
§23 
524 
525 
526 
527 


643 


LOC. OBJ. 


00D094 


0OD0S4 F8 
0ODO85 «144010 
00D088 *645A07 


QODOSB D8 
OODOSC *644ED007 
OODOAO F8 


OODOAI *14780F 
OODOA4 *044010 


QODOA7 60 


L 
L 


L 


ee eS ee ee ee ee 
e 


wee Ke ceed eee Bec ecdeve chee e sQOURCE STATEMENT . 2.25... Me ce Bove Me vce doce Ker vecGeceeKeceedeseeKees 


; [Timer A: PWM mode J 


’ 16-bit PHM 
’ Timer > Timer A4 
; Mode : PRM mode 
’ Trigger ; Count start flag 
; (Internal trigger) 
’ PM mode : 16-bit PWM mode 
: Count source: f(XIN)/2 
SUB_T5_1: 
-DATA 8 
SEM 


CLB #00010000B, TABSR 
LDM #00000111B, TA4MR 


-DATA 16 

CLM 

LDM #2000, TA4 

-DATA 8 

SEM 

CLB #00001111B, TA4IC 
SEB #00010000B , TABSR 


we we we we 


RTS 


? 


% 


° 
, 
e 
’ 
e 
’ 


> Data length 8 bits 
> Stop timer A4 count 


16-bit PYM mode, internal trigger 
Count source=f(XIN)/2 (period:16.3as at 8MHz) 


Data iength i& bits 
Set counter value ( “l” pulse width:500 us at SMHz) 


Data length 8 bits 
Disable timer A4 interrupt 
Start PWM output 


XX Hereafter, the set pulse is output. The pulse width of “H” level can be changed by 
modifying the counter value of timer Aé4. 
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(8) Timer A: PWM mode (8-bit PWM) 
This is a setting example for a program that outputs a 12.8ms period 500us width “H” level from the 
TA4our pin using timer A4 (refer to page 84 for information on PWM mode). 


SEQ. 
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548 
§47 
548 
549 
550 
551 
552 
563 
554 
565 
556 
657 
558 
559 
560 
561 
562 
583 
564 
565 
568 
587 
568 
569 
570 
§71 


LOC. OBJ. 


OODOAS 


OODOAS F8 
OODOAS «144010 
OODOAC %645A27 


OODOAP *844EC7 
OODOB2 *844P0A 
OODOBS *14790F 


OODOBS 4044010 


OODOBB 60 


co 
— o> oe 


Seo 
-—_ tt feb ft ft 


wh beh fe feet 


coe eBeccedc ce Kove ctece shee e sSOURCE STATEMENT ....5... Meee A See Oey Goria Paeeee . ree, area: ener, ee 








* Sinn Sunsemessmsssssmsssssssensssasssssssssssnsss 
, TTimer A: PWM mode J = 
; S-bit PHM = 
| Bans seneeesessssssassscesassssassssnssszszsnassz 
; Timer : Timer Aé 
; Mode > PHM mode 
; Trigger : Count start flag 
; (Internal trigger) 
’ PWM mode : 8-bit PWM mode 
; Count source: f(XIN)/2 
9 
SUB_T5_2: 

DATA 8 

SEM > Data length 8 bits 


CLB #00010000B, TABSR 
LDM #00100111B, TA4MR 


> Stop timer A4 count 

> 8-bit P¥M mode, internal trigger 
; Count source=f(XIN)/2 
, 
; 


LDM #200-1, TA4L Set prescaler value (period: 12.8ms at SMHz) 


LDM #10, TAH Set counter value ¢( “1” pulse width:500 us at SMHz) 
CLB #00001111B,TA4IC Disable timer A4 interrupt 
SEB #00010000B, TABSR > Start PRM output 


% Hereafter, the set pulse is output. The pulse width of “H” level can be changed by 
modifying the counter value (hign-order 8 bits) of timer A4. 


wewe wo we 


RTS 
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(9) Timer B --:- Pulse period measurement mode 
This is a setting example for a program that measures the input signal pulse period by counting the 
interval from the falling edge to the falling edge of the signal input to the TB1in pin using timer B1 
(refer to page 100 for information on pulse period measurement mode). 


SEQ. LOC. OBJ. ovat ives lve 6 iMeees Becca Roses SOURCE STATEMENT 6560e0 ieee sBi see Meccs 1 ce By se Bec 8 000s Bece Bue 
578 | ,SSas sassasssssssssssassssssassssssssssssssesssssss= 

577 1; [Timer B: Pulse period measurement mode] = 

578 | , Scaesesssssssscssssssnsssssss Ssssasssasssssssssssa= 

579 1; Timer > Timer Bl 

580 1; Mode : Pulse period measurement mode 

581 1; {between falling edge and falling edge) 

582 es Count source: f(XIN)/64 

583 1; 

584 1; x Timer Bil overflow period is assumed to be sufficiently 

585 1; longer than measured pulse period. 

588 1; 

587 OODOBC 1 SUB_T6: 

588 l -DATA 8 

589 OODOBC F8 1 SEM > Data length 8 bits 

§80 OODOBD «141040 Ll CLB #01000000B, PED > Set P66/TBLIN pin to input mode 

691 OODOCO «144040 Ll CLB #01000000B, TABSR > Stop timer Bl count 

692 OODOC3 *645C82 Li LDM #10000010B,TB1MR > Pulse period measurement mode, falling edge is effective 
§93 l ; Count source=f(X IN)/64 

594 OODOC6 «147B0F L1 CLB #00001111B, TBLIC > Clear timer Bl interrupt request bit 

595 | > Disable timer BI interrupt 

596 OODOCS «044040 L1 SEB #01000000B, TABSR > Start timer Bl count 

597 1; 

598 1; XX Hereafter, the counter is incremented. And the contents of the counter is transferred 
599 1; to the reload register and the counter is cleared when falling edge is input to TBIIN pin. 
600 OODOCC 1 L1_T6: 

601 OODOCC *347B08FC Ll BBC #00001000B,TB1IC,L1_T6 ; Timer Bl interrupt request bit= “1” ? 

602 1 DATA 16 

603 OODODO D8 1 CLM > Data length 16 bits 

604 OODOD1 «A552 Ll LDA A, TBI > Read measurement result in accumulator A 

605 1 DATA 8 

606 OO0DODS F8 1 SEM > Data length 8 bits 

607 1; 

608 OODOD4 60 1 RTS 
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(10) Timer B --- Pulse width measurement mode 

This is a setting example for a program that measures the input signal pulse width by counting the 
interval from the falling edge to the rising edge and rising edge to the falling edge of the signal input 
to the TB2in pin using timer B2 (refer to page 100 for information on pulse width measurement mode). 
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SEQ. 


612 
613 
614 
B15 
818 
617 
618 
619 
620 


LOC. OBJ. 


621 


622 
623 
624 
625 


AS 


SSSSRZESSSSRRE 


OODODS 


OODODS F8 

OODODE *141080 
OODODS «144080 
OODODC *645D8A 


OODODF *147COF 


OODOE2 044080 
OODOES 

OODOES x240E80FC 
OODOES 

OODOES x340E80FC 
OODOED «147008 
OODOFO 

OODOFO %347CO8FC 
OODOF4 *147C08 


OODOF7 D8 
OODOF8 *AS&54 


OODOFA F8 


OODOFB 60 





Rese ede ee Meee cleee oMe ee SOURCE STATEMENT. 6025001 Keoe Bove eBovee dees oMecseSeeeeMovsedeveeMees 
] {Sats sesasesnssssssssesensssss Stssssssssassessssses 
1; [Timer B: Pulse width measurement modej = 
| Sass ssssssssssssssssessssssss sasssssssssnssessssss 
1; Timer > Timer B2 
1; Mode : Pulse width measurement mode 
1; Count source: f(XIN)/64 
1; 
1; >< This program is a measurement example of the signal “A” pulse width 
1; input to the TB2IN. The timer B2 overflow period is assumed to be sufficiently 
1; longer than measured pulse width. 
1; 
1 SUB_T7: 
1 -DATA 8 
1 SEM > Data length 8 bits 
L1 CLB #10000000B, P6D > Set P67/TBZIN pin to input mode 
Ll CLB $10000000B, TABSR > Stop timer B2 count — 
Ll LDM #10001010B, TB2MR > Pulse width measurement mode 
1 > Count source=f(X IN)/64 
Ll CLB #00001111B,TB2IC > Clear timer B2 interrupt request bit 
1 > Disable timer B2 interrupt 
Ll SEB #10000000B, TABSR > Enable timer B2 count 
1 L1_T7 
Ll BBS #10000000B, P68, L1_T7 > TB2IN= “L” ? 
1 L2_T7 
Ll BBC #10000000B , P6, L2_T7 > TB2IN= “4” ? 
Ll CLB #00001000B, TB2IC > Clear interrupt request bit 
1 L3_T7 
Li BBC #00001000B, TB2IC,L3_T7 ; Interrupt request bit= “1” ? 
Ll CLB #00001000B , TB2 IC > Clear interrupt request bit 
1 -DATA 18 
1 CLM > Data length 16 bits 
Ll LDA A, TB2 > Read measurement result 
1 -DATA 8 
l SEM > Data length 8 bits 
1; 
1 RTS 
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9.7.4 Pulse output port mode setting examples 
(1) Without pulse width modulation 
This is a setting example for a program that outputs the contents set in pulse output data register 1 
from RTP1 (P54, P5s, PSs, P57) each time timer A2 underflows (refer to page 104 and section “9.5 
Pulse motor control application” for information on pulse output port mode). 


SEQ. LOC. OBJ. ee Bocce d eee cMe os cdeee eRe ee SOURCE STATEMENT . 2015000 Bees Been sMecee doce oMeeecBecceMecesGerecReee 
652 | j SSSBsasssasessesssanssssssss Sssssssessssssssasss= 

853 1; [Pulse output port mode J = 

654 1; Without pulse width modulation = 

655 | {Sees sesseseenmessssssssssasss ssssesssssssaassssss= 

658 1; Pulse output port: RTP1 (ports P54,P55,P58,P57) 

657 1; Timer > Timer A2 

658 1; Mode > Timer mode 

859 1; Count source > £(XIN)/2 

660 1; 

661 OODOFC 1 SUB_P1_1: 

662 OODOFC 78 1 SEI > Disable interrupt 

663 1 

664 1 DATA 8 

665 OODOFD F8 1 SEM 

OODOFE *144004 Ll CLB #00000100B, TABSR > Stop timer A2 count 

667 O0D101 2645804 Ll LDM $00000100B, TA2MR > Timer mode, enable pulse output, disable gate function 
S68 d0Di04 «845904 Li Lowi #00000 10085 , TASK ; Enable puise output (set P&B to output) 

00D107 *646201 Ll LDM #00000001B, NOU TMR + Disable pulse width modulation, select RTP1 

670 OOD10A *84640F Ll LDM #00001111B,POUTDRI > Set initial value of pulse output data register 1 (P54,P55,P56,P57) 
671 OOD10D *14770F Ll CLB #00001111B,TAZIC > Clear timer A2 interrupt request bit 

872 00D110 *047701 Li SEB #00000001B, TAZ IC > Enable timer A2 interrupt (level 1) 

873 1 

674 1 -DATA 16 ’ 

675 O00D113 D8 1 CLM 

676 00D114 *644A0200 Ll LDM #0002H , TAZ > Initial output of timer A2 

877 1 | 

678 1 DATA 8 

678 00D118 F8 i SEM 

680 00D119 *044004 Ll SEB #00000100B, TABSR > Start timer A2 count 

681 00D11C 1 LOOP_1: 

682 OOD1IC «347708FC Ll BBC #00001000B,TAZIC,LOOP_1 ; Initial output complete? 

6838 00D120 «144004 Ll CLB #00000100B, TABSR > Stop count 

684 1 

685 1 -DATA 16 

6868 00D123 D8 1 CLM 

687 00D124 *644AFFO0 Li LDM #00FFH , TAZ > Set timer A2 initial value (period:82 us at 16MHz) 
688 i 

689 1 -DATA 8 

680 00D128 F8 1 SEM 

691 00D129 «147708 Ll CLB #00001000B, TAZ IC > Clear timer A2 interrupt request bit 

692 00D12C *044004 LI SEB #00000100B, TABSR > Start timer A2 count 

OO0D12F 58 1 CLI > Enable interrupt 

694 i 

695 1; > Hereafter, the contents of the pulse output data register is output to port each time 
696 1; timer A2 underflows. The contents of pulse output data register and timer A2 register are 
697 1; updated while processing the timer A2 interrupt. 

698 1 

699 00D130 60 | RTS 
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(2) With pulse width modulation 
This is a setting example for a program that applies pulse width modulation by timer A3 to the contents 
in pulse output data register 1 and outputs the result to RTP1 (P54, P5s, P5«, P57) each time timer A2 
underflows. Pulse width modulation is performed for pulse output when the contents of the pulse 
output data register 1 is “1” (refer to page 104 and section “9.5 Pulse motor control application” for 
information on pulse output port mode). 











SEQ. LOC. OBJ. 0 Kc ede Meee cdeee eee e eSOURCE STATEMENT 06.65... Bees Bove ceMeovedocecBeceeBeeceMceecdece Kees 
7103 1 5s=== Sesisssmsessseses ssesrsssssssssssss= 

104 1; [Pulse output port mode J = 

705 1; With pulse width modulation = 

708 |, sasesnesasccsssssssasssssssss sesresesscssssessss 

107 1; Pulse output port: RTP1 (ports P54,P55,P56,P57) 

708 1; Timer > Timer A2, A3 

7109 1; Mode > Timer mode (timer A2) 

710 1; : Pulse width modulation mode (timer A3) 

711 {3 Count source > £(XIND/2 | 

712 1; 

713 00D131 1 SUB_P1_2: 

714 O0DI31 78 1 SEI > Disable interrupt 

715 1 

718 1 DATA 8 

717 O0D182 F8 1 SEM 

118 1 

719 00D188 «14400C Ll CLB #00001 100B, TABSR > Stop timer A2 and timer AS count 

720 O0D136 «845804 Li LDM #00000100B, TA2MR > Timer mode, enable pulse output, disable gate function 
721 00D139 «645927 Ll LDM #00100111B,TASMR > Pulse width modulation mode (8-bit length) 

722 OODI3C «646221 Ll LDM #00100001B, WOUTMR > Enable pulse width modulation, select RTP1 

723 OODISF «64640F Ll LDM #00001111B,POUTDR} > Set initial value of pulse output data register 1 
724 1 > (P54,P55,P56,P57) 

725 00D142 «14770F Li CLB ‘$00001111B, TAZIC > Clear timer A2 interrupt request bit 

728 00D145 «14780F Li CLB #00001111B, TASIC > Disable timer A3 interrupt 

727 00D148 «047701 Ll SEB #00000001B, TAZ IC > Enable timer A2 interrupt (level 1) 

7128 1 

729 1 DATA 18 ’ 

730 OOD14B D8 i CLM 

731 O0D14C «64440200 LI LDM #0002H , TA2 > Initial output of timer A2 

732 1 

183 1 DATA 8 

734 O0D150 F8 1 SEM 

785 O0D161 «044004 L1 SEB #00000100B, TABSR > Start timer A2 count 

7386 00D154 1 LOOP_2: 

737 00D154 *347708FC Ll BBC #00001000B,TA2ZIC,LOOP_2 ; Initial output complete? 

788 O0D158 «144004 L1 CLB #00000100B, TABSR > Stop count 

739 1 

740 1 DATA 16 

741 OODI5B D8 i CLM 

742 OODISC *644AFFO7 Ll LDM #07FFH , TAZ > Set timer A2 initial value (period:255 us at 16MHz) 
743 00D160 *644C007F Ll LDM #7FOOH, TAS > Set timer A3 initial value (period:31.8 us at 1GMHz, 
744 1 > “i” pulse width: 15.8 us at 16MHz) 

745 1 

748 1 DATA 8 

747 00D164 F8 1 SEM . 

748 00D165 «147708 Ll CLB #00001000B, TAZ IC > Clear timer A2 interrupt request bit 

749 O0D168 «04400C Ll SEB #00001100B, TABSR > Start timer A2 and timer A8 count 

750 OODIBB 68 1 CLI > Enable interrupt 

751 1 

7152 1; % Hereafter, the results of pulse width modulation by timer A3 is output to port each time 
753 1; timer A2 underflows. The contents of pulse output data register and each timer register are 
754 1; updated while processing the timer A2 interrupt. 

755 l 

756 OODIBC 60 1 RTS 
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9.7.5 Serial 1/O modes setting examples 
(1) 8-bit UART (1-byte receive) 
This is a setting example for a program that receives 1 byte at 8-bit UART of UART1 (refer to page 
122 for information on serial I/O). 





SEQ. LOC. OBJ. enn aMe veel vec eBecs ceveceRs.<6e SOURCE STALUMEND 666 00e0ccBeeecBocceMe sen ovecthseeeOececBes ca OecesBees 
T18 | sass sonssssssssss sessssssssss sessnsssssssssssss= 
771 1; 8-bit UART (1-byte receive) J = 
T78 | ,Ssesscsannsssssssssasasssssss sassasasssssssssss= 
T18 1; Channel > UARTI 
780 1; Mode : 8-bit UART 
781 1; Stop bit length: 1 bit 
182 1; Parity : None 
783 ee Clock : Internal (9600bps) 
784 1; Sleep function : Disabled 
785 1; 
788 1; 8-bit UART (i-byte receive) programming model 
7187 1; M37782 
788 1 » tio seas= + 
788 1; 1 1 
7380 1; DATA --------- ->! RxD1 | 
791 1; Iigeec? a 
792 1; Ene ennn--- “1! RTS) 1 
793 1; \ ' 
794 1;  aalatataiaatad + 
795 1; 8600bps 
798 1; 
787 00D800 1 SUB_S1: 
788 1 DATA 8 
798 OOD800 F8 1 SEM > Data length 8 bits 
800 O0D801 «141440 Ll CLB #01000000B, P8D > Set P86/RXD1 pin to input mode 
801 O0D804 «643805 Ll LDM #00000101B,SIMR > 8-bit UART, internal clock, 1 stop bit 
802 1 > No parity, disable sleep mode 
808 00D807 «643004 Ll LDM #00000100B,S1CL > BRG count source=f(XIN)/2 
804 | > Select RTS function 
805 OOD80A *643919 LI LDM #25,S1BRG ; Set value in baud rate register (9615bps at 8MHz) 
808 OOD80D «643004 LI LDM #00000100B,SICH > Enable receive 
807 1; 
808 1; > Receive starts when RTS output becomes “L” (receive enabled) and 
809 1; a Start bit is detected. 
810 1; 
811 00D810 1 LILS1: 
812 00D810 «343D08FC Li BBC #00001000B,S1CH,L1_S1 ; Receive complete (receive completion flag= “1” >? 
8138 00D814 «843D8003 Ll BBC #10000000B,SICH,L2_S1 ; Check error (error sum flag) 
814 00D818 20BAD8 Ll JSR SUB_ERRO > Jump to UART receive error processing routine 
815 OOD81B 1 L2_S1: 
816 OOD8IB *ASSE Ll LDA A,S1RB > Read receive buffer 
817 OOD81D *143D04 Ll CLB #00000100B,S1CH > Disable receive 
818 00D820 60 l RTS 
819 1; 
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(2) 8-bit UART (1-byte transmit) 
This is a setting example for a program that transmits 1 byte at 8-bit UART of UARTO (refer to page 
122 for information on serial I/O). 
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SEQ ° 


822 
823 
824 
825 
826 
827 
828 
829 


841 
842 
843 
844 
845 


847 
848 


850 
851 
852 
863 
854 
855 
856 
857 


LOC. OBJ. 


00D821 


00D821 F8 
O0D822 *141401 
00D825 «843005 


00D828 %643400 


00D82B «643119 
OOD82E *643501 
00D831 *A582 
00D883 «8532 
O0D885 «143501 
00D838 60 


oe cleve eke ee sSQURCE STATEMENT....5....Me0. sO viswls Rebs 1o4.va es evOves ake sets dessa heed 


© as er as cate S90 se Sam a SOS a Oe SES OAD SAD SUD ONE SD GN GH CID SOND HD SED ND SR MD ID SD SEED GHD ON GND WR WE TNS TED MN ON UD MDE GD ES OND ED VED NAD OND 


[8-bit UART (l-byte transmit) J = 


Sawa an avacensavaw St anew oben aeewee Gn ab aaw Rae tae aot SIE aaa SEAS SD TLD SOAS SSD STEED Can OSS OP 
Channel > UARTO 
Mode > 8-bit UART 
Stop bit length: 1 bit 
Parity >. None 
Clock > Internal (8600bps) 


Sleep function : Disabled 


8-bit UART (1-byte transmit) programming model 


m~ewe we we we woe we we we we woe woe we we 


M87782 
teowecen + 
I | 
| TxD0 |---------- > DATA 
; | 
: 1 CTSO I<------ + 
: i | 1 
: i ! -+- GND 
; poecammam + 
> 9600bps 
; 
SUB_S2: 
-DATA 8 
SEM Data length 8 bits 


CLB #00000001B,P8D 


Set P80/CTSO pin to input mode 


» 
9 
LDM #00000101B,SOMR > 8-bit UART, internal clock, 1 stop bit 
> No parity, disable sleep mode 
LDM #00000000B, SOCL ; BRG count source=f(XIN)/2 
> Select CTS function 
LDM #25, SOBRG ; Set value in baud rate register (9615bps at SMHz) 
LDM #00000001B,SOCH > Enable transmit 
LDA A, T_DATA ; Read transmit data (T_DATA) 
STA A,SOTB > Transmit data->transmission buffer 
CLB #00000001B,SOCH > Disable transmit 
RTS 
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(3) 8-bit UART (n-byte transmit) 
This is a setting example for a program that transmits n bytes at 8-bit UART of UARTO (refer to page 
122 for information on serial |/O). 


SEQ. 


88 


884 


8 8 


82 8 


891 
892 


894 
895 
896 
897 


893 
900 


903 
904 
905 


807 


910 
911 
912 
918 
914 
915 
918 
917 
918 
919 


LOC. OBJ. 


00D838 


00D839 E280 
OOD88B «141401 
OOD83E *643005 


00D841 *643400 


00D844 *643119 
00D847 *643501 


OOD84A A200 
00D84C 

OOD84C *BS82 
OOD84E «8532 
00D850 

00D850 *843502FC 
00D854 8 
00D855 *xE480 
00D857 DOF8 


QOD859 «143501 


OOD85C 6&0 


pe ne ee et th el 


co o ct | ae ond 
ee 


— 


re 
el 


wewewe Vs we wen we WS Ve Ve WE 


oo oBeee SOURCE STATEMENT. 22.5... Meee Bocce ceed eee Meee Bee cMecncdeeeeMaee 








Channel : UARTO 

Mode > 8-bit UART 

Stop bit length: 1 bit 

Parity : None 

Clock : Internal (9600bps) 


Sleep function : Disabled 


8-bit UART (n-byte transmit) programming model 


M37782 
Heoeeen- + 
l i 
| TxDO I------- > DATA 
; i I 
> b zeea ll oe 
> 1 (TSO I<------- RTS 
; i i 
> te + 
, 9600bps 
> 0 ow ae om Et OD ED Om Man Om BD OR OD ON US OD OS AD SY ON OD MN) On MD OD OD aD OOD MS DOD OD ED ODEN EOD OO aD 
, Prepare transmit = 
, 
SUB_S3: 
-DATA 8 
- INDEX 8 
SEP M,X > Data length, index register length 8 bits 
CLB #00000001B,P8D > Set P80/CTSO pin to input mode 
LDM #00000101B,SOMR > 8-bit UART, internal clock, 1 stop bit 
> No parity, disable sleep mode 
LDM #00000000B,SOCL > BRG count source=f(XIN)/2 
> Select RTS function 
LDM #25, SOBRG > Set value in baud rate register (9615bps at SMHz) 
LDM #00000001B ,SOCH > Enable transmit 
> OS OS OS SSS SOM OHSAS EBs Sma a awe a 
> Operate transmit = 
LDX #0 > 
L1_S38: 
LDA A, T_DATA,X > Read transmit data 
STA A, SOTB > Transmit data->transmission buffer 
L2_S3 
BBC #00000010B,SOCH,L2_S3  ; Transmission buffer empty flag= “1” ? 
INX 
CPX DAT_CNT ; Compare with transfer data count (DAT_CNT) 
BNE L1_S8 > Continue data transmit? 
> 
; ee ee oe oe tao > ons 0 O00 > et OD OD OS OO Om 00 OD EO OD Oe wD OD 
, Complete transmit = 
> en eae ae cae PO 0 aD Oh 00 Oe eae Os SP SY A AD OS DO DD OD SD OY OS OF OD OS OS 
9 
CLB #00000001B,SOCH > Disable transmit 
td 
RTS 
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(4) Clock synchronous (1-byte receive) 
This is a setting example for a program that receives 1 byte at clock synchronous of UART1 (refer 
to page 122 for information on serial |/O). 
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SEQ. LOC. OBJ. ce eKecved ccc eKeee ctece che ee eSQURCE STATEMENT. 2.5.0. 0Beee Bove eMevce love cheee cds ce eMececDecreMees 
924 | {Stes acsesrssseass scsssssssses sesanssesesssaseses 

925 1; [Clock synchronous (1-byte receive)} = 

926 |  SBasssssscessssasssssassssans sasasssssssssssssas 

927 1; Channel: UART1 

928 1; Mode : Clock synchronous 

929 1; Clock : External 

930 13 

$31 1; Clock synchronous (l-byte receive) programming model 

932 1; M387782 

933 1; yeeseses + 

934 1; | RxDI I<------- 

935 1 ; | | 

936 1 ; 1 CLK1 I<------- CLOCK 

937 1; Be vec th eae 

938 1; | RTS1 t------- > CTS 

939 1; \ | 

940 1; eemesene + 

941 1; 

942 OOD85D 1 SUB_S4: 

943 1 DATA 8 

944 OO0D85D F8 1 SEM ; Data length 8 bits 

945 OOD85E «141460 Ll CLB #01100000B ,, P8D > Set P86/RXD1, P85/CLK1 pins to input mode 
948 O0D861 *643809 Ll LDM #00001001B,SIMR > Select clock synchronous, external clock 
947 O0D864 «843004 Li LDM #00000100B,SICL > Select RTS function 

948 O0D867 *643A55 Li LDM #55H,SITB > Set transmit dummy data 

949 lL 5 

950 1; % With clock synchronous serial I/0, the transmitter 

951 1; must be operated even if only receive is performed. 

952 1; 

853 O0D86A x643D05 Ll LDM #00000101B,S1CH > Enable receive/enable transmit 
954 1; 

955 1; > Hereafter, receive operation starts when synchronous clock 

956 1; is input to CLK1 pin. 

957 1; 

958 O0D86D 1 LI_S4: 

959 O0D8BD *348D08FC Ll BBC #00001000B,SICH,LI_S4 ; Receive completion flag= “1” ? 
$60 00D871 *848D1003 Ll BBC #00010000B,SiCH,L2_S4 ; Overrun error? 

961 00D875 20C1D8 Ll JSR SUB_ERR1 > Jump to clock synchronous error processing routine 
962 00D878 1 L2_S4: 

963 00D878 xAS3E Ll LDA A, SIRB > Read received result 

964 OO0D87A «143005 L1 CLB #00000101B,S1CH > Disable receive/disable transmit 
965 1; 

866 O0D87D 60 l RTS 


APPLICATION 


9.7 Program examples 





(5) Clock synchronous (1-byte transmit) 


This is a setting example for a program that transmits 1 byte at clock synchronous of UARTO (refer 
to page 122 for information on serial I/O). 


SEQ. LOC. OBJ. coe eReccedcceeKeee pdeeee%e ee sSOURCE STATEMENT . . . 08000 Bowe Bec ceKeccc dec eKecceGeereKeecedeccekees 


971 1 » SS BESTS SSeS sssaasssasassassssasssssssszSss= 

972 1; [Clock synchronous (1-byte transmit) J = 

$73 1 » SSS SSSSSS SSSA SS ISSASNa Sas SsasassssSslsssss= 

874 1; Channel: UARTO 

975 1; Mode : Clock synchronous 

976 Ly Clock : Internal (2Mbps) 

877 1; 

978 1; Clock synchronous (l-byte transmit) programming model 

879 1; —M87782 

980 1; osseous + 

981 1; i j 

982 1; 1 TxDO I------- > DATA 

983 1; i i 

984 1; | CLKO I------- > CLOCK(2Mbps) 

985 1; eens | 

886 1; 1 CTSO I<------ + 

987 1; ! ! an 

988 1; i i ~+- GND 

989 1; $eSsser= + 

980 1 9 

$91 OOD87E 1 SUB_S5: 

$92 1 DATA 8 

$93 OOD87E F8 1 SEM > Data length 8 bits 

994 OOD87F «141401 Li CLB #00000001B, P8D > Set P80/CTSO pin to input mode 
$85 O0D882 «643001 Ll LDM #00000001B,SOMR > Clock synchronous, internal clock 
986 O0D885 *643400 Ll LDM #00000000B, SOCL > BRG count source=f(XIN)/2 

997 | > Select CTS function 

998 O0D888 «643100 Ll LDM #0, SOBRG ; Set value in baud rate register (2Mbps at 8MHz) 
$99 OOD88B 843501 Ll LDM #00000001B,SOCH > Enable transmit 

1000 OOD88E *A582 1 LDA A, T_DATA > Read transmit data (T_DATA) 
1001 00D880 «8632 | Ll STA A,SOTB > Transmit data~transmission buffer 
1002 O00D8982 «143501 Ll CLB #00000001B,SOCH > Disable transmit 

1003 1; 

1004 O0D895 60 1 RTS 
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(6) Clock synchronous (n-byte transmit) 


This is a setting example for a program that transmits n bytes at clock synchronous of UARTO (refer 
to page 122 for information on serial 1/O). 


SEQ. LOC. OBJ. cee eMeccede ce eBeee dene oMeee SOURCE STATEMENT. 6.25.61 0Beoe DoceeMeccelecceMevcsGecceMececdecs Meee 
1008 1 > SERS SAAS Sasa esa seseasssssessssssasssssssesssss 

1009 1; [Clock synchronous (n-byte transmit)J = 

1010 | ,Stassssssssssssssnasssssssasssrssssssasssassssss 

1011 1; Channel: UARTO 

1012 1; Mode : Clock synchronous 

1013 I Clock : Internal (2Mbps) 

1014 1; 

1015 1; Clock synchronous (n-byte transmit) programming model 

1016 1; M87782 

1017 1; tenecece + 

1018 ‘1; ! TxDO I------- > DATA 

1019 1; t i 

1020 1 3 1 CLKO I------- > CLOCK(2Mbps) 

1021 1; bt | ces 

1022 1; | CTSO I<------- RTS 

1023 1; 1 ! 

1024 1; $oseene« + 

1025 1; 

1026 | pore tren erence nnn se emmensenas enacnamonne 

1027 is Prepare transmit = 

1028 ] petro erent ecen nen sennnacerown cemmewnnonen 

1029 1; 

1080 00D886 1 SUB_SB: 

1031 1 DATA 8 

10382 1 - INDEX 8 

10388 O0D896 E230 1 SEP X,@ > Data length, index register length 8 bits 
10384 00D898 «141401 Ll CLB #00000001B, P8D > Set P80/CTSO pin to input mode 
1085 O0D89B *643001 Ll LDM #000000018B ,SOMR > Clock synchronous, internal clock 
1086 OOD8SE «643400 Ll LDM ¥00000000B, SOCL > BRG count source=f(XIN)/2 

1037 1 > Select CTS function 

1088 OOD8A1 «643100 Ll LDM #0, SOBRG > Set value in baud rate register (2Mbps at 8MHz) 
10389 OOD8A4 *643501 Ll LDM #00000001B,SOCH > Enable transmit 

1040 1; 

1041 J prt et creer neconscmnnnn arenes caeensaenne 

1042 1; Transmit data = 

1043 ] etre cence conewe seem eneesens enesccenaen 

1044 1; 

1045 OOD8A7 A200 1 LDX #0 

1046 OOD8AS 1 L1_S6: 

1047 OO0D8A9 *B582 1 LDA A, T_DATA,X > Read transmit data 

1048 OOD8AB «8532 Ll STA A, SOTB > Transmit data-transmission buffer 
1049 OODSAD 1 L2_S6: 

1050 OOD8AD *343502FC Ll BBC #00000010B,SOCH,L2.S6 ; Transmission buffer empty flag= “1” ? 
1051 OOD8B1 £8 l INX 

1052 O0D8B2 *E480 1 CPX DAT_CNT ; Compare with transfer data count (DAT_CNT) 
1053 OOD8B4 DOF3 LI BNE L1_S8 > Continue data transmit? 

1054 1; 

1055 Sa atetetatatatartatetatetetetaiatates Beceeee cnewcenn ene 

1058 1; Complete transmit = 

1057 ] mre cece rere nnn wenn econ ene cowsenmeene 

1058 1; 

1059 OOD8B6 «143501 Ll CLB #00000001B,SOCH > Disable transmit 

10860 1; 

1061 OOD8B3 60 1 RTS 
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(7) Error processing 
This is a setting example for a program that clears the error flag by setting the receive enable bit to 
“0” (receive disabled) after error processing for UART receive or clock synchronous receive and then 
enables the reception again (refer to page 122 for information on serial I/O). 


SEQ. LOC. OBJ. seve cveedeeecBeccctsdee®s ces SOURCE STATEMENT . 0.5... Mec c cBe ce eBevec dere cMevccdececKecccdeeceKees 


1065 
1068 
1067 
1068 
1068 
1070 
1071 
1072 
1078 OOD8BA 
1074 
1075 
1078 


Check error type 
(overrun, framing, parity) 
Each error processing 


we woe we Ceo we 


1080 OOD8BA *143D04 


[ad 


Pa ee ee ee ee 


CLB #00000100B,S1CH Disable receive 
(Clear error flag) 


Enable receive 


1082 OODS8BD *043D04 L 
1088 OOD8CO 60 


SEB #00000100B,S1CH 
RTS 


we we 
C2 
rt 
So 
o 
bw 
n 
~< 
s 
Oo 
a 
s 
o 
bo J 
oS 
i= 
” 
ie 3 
@ 
© 
@ 
td 
< 
@ 
@ 
be 3 
“s 
So 
+ 
csc 
er 2 
Ss 
@® 
n 
wn 
owe 
s 
eR 
tt 


wwe 


1088 O0D8Cl 


Overrun error processing 


we we wo wo we YY we 
. 
we we we we 


1085 OOD8C1 *143D04 L CLB $00000100B,S1CH Disable receive 
(Clear error flag) 


Enable receive 


we wo we 


1097 O0D8C4 «043004 L SEB #00000100B,S1CH 


1088 OOD8C7 60 RTS 
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9.7.6 A-D conversion modes setting examples 
(1) One-shot mode 
_ This is a setting example for a program that performs an A-D conversion of input voltage to the analog 
input pin ANo with an internal trigger which is generated by setting the A-D conversion start flag to 
“1” (refer to page 158 for information on A-D converter). : 


SEQ. LOC. OBJ. cave viens Leas oKeis setenv eBe ses SUURCE STALEMENL 356 Ose Rees Oseeshivsed ccs Race cGeicteMeceeSeeseks c's 
1115 | Besa sisssssstessnssssssssssssssssssasssssssssass 

1116 1; TA-D conversion (one-shot mode) J = 

1 1 17 1 ; SSS BSS So eras a aan SN ENS ees SL LS! ee 

1118 1; A-D conversion mode + One-shot mode 

1119 1; Analog input pin > ANO 

1120 1; Trigger > Internal trigger 

1121 1 A-D conversion frequency: f(XIN)/4 

1122 1; 

1123 00000 1 SUB_ADI: 

1124 1 -DATA 8 

1125 OOE000 F8 1 SEM > Data length 8 bits 

1128 OOE00] «141101 Ll CLB #00000001B,P7D > Set P70/ANO pin to input mode 

1127 OOE004 *641E80 Ll LDM #10000000B, ADCON > One-shot mode, internal trigger, 

1128 1 ; A-D conversion frequency=f(XIN)/4 

1129 OOE007 *14700F Ll CLB #00001111B,ADIC > Clear A-D interrupt request bit, disable A-D interrupt 
1180 OOEQOA *041E40 Li SEB #01000000B, ADCON > Start A-D conversion 

1131 1; 

1182 1; % Interrupt request bit is set to “1” when A-D conversion of ANO pin completes. 

1183 1; 

1134 OOEO0D 1 LAD: 

1135 OOEOOD «347008FC Ll BBC #00001000B,ADIC,L_AD! ; A-D conversion complete (interrupt request bit= “1” )? 
1186 OOEO11 «147008 Ll CLB #00001000B, ADIC > Clear A-D interrupt request bit 

1187 OOE014 «A520 Ll LDA A, ADO ; Read conversion result (A-D register 0) 

1188 OOE016 60 1 RTS 
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(2) Repeat mode 
This is a setting example for a program that repeatedly performs A-D conversion of input voltage to 
the analog input pin AN: with an internal trigger which is generated by setting the A-D conversion start 
flag to “1” (refer to page 158 for information on A-D converter). 


SEQ. LOC. OBJ. hebeRence lo setBiasaleaseB ccs SOURCE STATEMENT 5655 Giecc 0B i Bies cB ysiece Vow cc Beas cB ec 05 R60 e Bias Beas 
1141 1 ) BSED MESS S SSS SHS SA SSSSseSSsssa SSRsSSSasSsssSsSas= 

1142 1; TA-D conversion (repeat mode) J = 

1148 1 PA 

1144 1 ; A-D conversion mode : Repeat mode 

1145 1; Analog input pin > ANI 

1148 1; Trigger : Internal trigger 

1147 1 ; A-D conversion frequency: f(XIN)/4 

1148 1; 

1149 00017 1 SUB_AD2: 

1150 l DATA 8 

1151 OOEOQ17 F8 1 SEM > Data length 8 bits 

1152 OOE018 «141102 Ll CLB #00000010B,P7D > Set P71/AN1 pin to input mode 
1153 OOEOIB *641E89 Li LDM #10001001B,ADCON > Repeat mode, internal trigger, 
1154 1 ; A-D conversion frequency=f(XIN)/4 
1155 OOEOLE *041E40 LI SEB #01000000B ,, ADCON > Start A-D conversion 

1156 1; 

1157 1; % After the time for A-D conversion (28.5 us at 8MHz), the latest 
1158 i; conversion result Gan be obtained by reading A-D register | at any timing. 
1159 1; 

1160 OOE021 60 1 RTS 
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(3) 


SEQ. 


1188 
1164 
1185 
1166 
1187 
1168 
1169 
1170 
1171 
1172 
1178 
1174 
1175 
1178 
1177 
1178 
1179 
1180 
1181 
1182 
1188 


1184 


1185 


1187 
1188 
1188 
1190 
1191 
1192 
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Single sweep mode 

This is a setting example for a program that sequentially performs A-D conversion of input voltage to 
the analog input pins ANo—ANs, starting from ANo, with an external trigger which is generated by changing 
the input level to ADtac pin from “H” to “L” with the A-D conversion start flag set to “1”. A-D conversion 


is stopped when all selected pins (ANo—ANs) are converted (refer to page 158 for information on A- 
D converter). 





LOC. OBJ. cee eMevecdeeceBeessteeeoMeee SOURCE STATEMENT . . 0800. Kees cBovecMovecleveekececSecvcbescsdoseekeos 
1 » BESS SSSSSRSS SESS a RSSSaSSSSaas SASSSSSSSSSSSSSSSS= 
1; TA-D conversion (single sweep mode)J = 
]  , Sees ssassasresssssssassssssss SSSSssssssssassssss 
1; A-D conversion mode > Single sweep mode 
1; Analog input pin > ANO-ANS 
1; Trigger > External trigger 
L3 A-D conversion frequency: f(XIN)/4 
1; 
00E022 1 SUB_ADS: 
| DATA 8 
QOE022 F8 l SEM > Data length 8 bits 
QOOE023 *1411BF Li CLB #10111111B,P7D > Set ANO-ANS, ADTRG pins to input mode 
QOE026 *641F02 L1 LDM #00000010B, ADSPS > Select ANO-ANS pin for sweep 
QOE028 *641EB0 Li LDM #10110000B, ADCON > Single sweep mode, external trigger, 
1 ; A-D conversion frequency=f(XIN)/4 
OOE02C «14700F Ll CLB #00001111B,ADIC > Clear A-D interrupt request bit, disable A-D interrupt 
QOEO2F *x041E40 Ll SEB #01000000B , ADCON > Enable A-D conversion 
1; 
1; x A-D conversion starts at falling edge input to ADTRG pin. 
1; 
OOE082 1 LADS: 
QOE082 «847008FC Ll BBC #00001000B,ADIC,L_AD8 ; Sweep complete (interrupt request bit= “1” >? 
QOEO88 «147008 Ll CLB $00001000B, ADIC ~-§ Clear A-D interrupt request bit 


l 
>< Conversion result can be obtained by reading A-D registers 0-5. 
Then A-D conversion is resumed when falling edge is input to ADTRG pin. 
Clear A-D conversion start flag to “0” if reconversion is not 
necessary. 


we wo wo we we we 


1 
1 
1 
1 
l 
1 


Q0E039 60 RTS 
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(4) Repeat sweep mode 
This is a setting example for a program that sequentially performs A-D conversion of input voltage to 
the analog input pins ANo—AN;, starting from ANo, with an internal trigger which is generated by setting 
the A-D conversion start flag to “1” (refer to page 158 for information on A-D converter). 


SEQ. LOC. OBJ. cee eKeeoed eee Kove cceeeeMe ee sSOURCE STATEMENT. 6.5... 0Me ce Bove Me cced ccc ckecesGeeeeKeccedeeeekese 
1195 ] 9 SSS SSPE Sara ssssSssassss ssssssssssssssssssz 

1198 Ls TA-D conversion (repeat sweep mode)j = 

1197 1 » BRED SSSR SASS sSsssSssRssrs asssssssasssssasss= 

1198 1; A-D conversion mode : Repeat sweep mode 

1199 lL; Analog input pin > ANO-AN7 

1200 1; Trigger : Internal trigger 

1201 ls A-D conversion frequency: f(XIN)/4 

1202 1; 

1208 OOEO8A 1 SUB_AD4: 

1204 l DATA 8 

1205 OOE038A F8 1 SEM > Data length 8 bits 

1208 OOEOS8B *641100 Ll LDM #00H,P7D ; Set ANO-AN7 pins to input mode 
1207 OOEOSE *641F03 Li LDM #00000011B,ADSPS » select ANO-AN7 pin for sweep 

1208 O0E041 «641E98 LI LDM #10011000B, ADCON > Repeat sweep mode, internal trigger, 
1209 1 ; A-D conversion frequency=f(XIN)/4 
1210 OOE044 *041E40 Ll SEB #010000008B , ADCON > Start A-D conversion 

1211 1; 

1212 Oe x After the first A-D sweep (228 us at Siiiz), the latest 

1213 1; conversion result can be obtained by reading A-D registers 0-7 
1214 1; at any timing. 

1215 1; 

1216 O0E047 60 1 RTS 
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9.7.7 Interrupt processing examples 
(1) Interrupt setting example 
This is a setting example for a program that generates an INT; interrupt request when a falling edge 
is input to INT: pin (refer to page 40 for information on interrupts). 


SEQ e 


1229 
1280 
1281 
1282 
1288 
1234 
1286 
1236 
1237 
1238 
1238 
1240 
1241 
1242 
1243 
1244 
1245 
1246 
1247 
1248 
1248 
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LOC. OBJ. 


00E800 78 


QOOE801 F8 


QOE802 «141008 
OOE805 *147E0F 
00E808 «047E02 


QOE80B 58 


Cc 
-_— 


Ll 
Ll 


re. res ore 


we we we Ue Ve WE 


Bevo cdeeeeX%eee SOURCE STATEMENT .. 20500. oMeee Bove eMevcc love cMeveedecs Ke ce cdeee eds 


In order to execute an interrupt, the I flag 
must be cleared within the main routine and 
interrupt priority level must be set to level 1 
or greater in each interrupt control register. 


SEI 

DATA 8 

SEM 

CLB #00001000B , PED 
CLB #OOL11011B, INTIIC 
SEB #00000010B, INT LIC 
CLI 


> The I flag is initialized to “1” after reset. 


> Set P63/INT1 pin to input mode 


Clear INT1 interrupt request bit, falling edge is effective 
Set INT] interrupt priority level to level 2 
Enable interrupt 


% Hereafter, INT1 interrupt request bit is set to “1” with falling 


edge of input signal to INTI pin. 
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(2) Interrupt processing example (when memory space is 64K bytes or less.) 
This is an example of a program that must be executed within an interrupt service routine. The 
contents of each register is stored to stack in 16-bit length before starting interrupt processing. When 
returning from the interrupt processing to the main routine, the stored registers are restored in 16-bit 
length before executing the RTI instruction (refer to page 40 for information on interrupts). 


SEQ. 


1258 
1254 
1255 
1256 
1257 
1258 
1259 
1280 
1261 
1262 
1263 
1264 
1265 
1266 
1267 


1266 


1269 
1270 
1271 
1272 
1278 
1274 
1275 
1276 
1277 
1278 
1278 
1280 
1281 
1282 
1288 
1284 
1285 
1286 
1287 
1288 
1289 
1290 
1291 
1292 
1293 


LOC. OBJ. 


OOE80C 


QOE80C C230 
QOE80E EBOD 


Q0E810 E280 


QOE812 C280 
QO0E814 FBOD 


OOE816 40 


— eee eee eee pepe ee eee eet eee eee et et fee 


— 


EE Ee ce ee ce cee ae ee ce eo eee ene 


Bia GM aed 6 i Mees a2 ew sos oes SOURCE STATEMENT wise sis o:o Ried Oies Brewis 1 ce eRe vcO oes ieee De 5B 
> Interrupt routine processing example | = 
4 When memory space is 64K bytes or less = 
; (When data bank need not be changed) = 


© ce wees ae ae SS SS ED OD OS Sets OS AE ee SD A SY SD GD SNS GP SD OED SES OH OY UD SRD AN DAD ES EP SED NG OA NG ED STUD SO Sa OED PSD Ss 


> Store registers = 
.DATA 16 > Register model declaration 
. INDEX 16 
CLP m,X > Data length, index register length 16 bits 
PSH X,Y,A > Store registers 
. DATA 8 > Change register model 
. INDEX 8 
SEP m,X > Data length, index register length 8 bits 
’ 
> ; : 
; > Interrupt processing 
> 
> oOo ow 8 a en a Ow OS OS OE OF OS SF Os OU 8 OOD OF ED ED OD OH OO OE OD UD OD OD OD OD 
; Restore registers = 
-DATA 16 > Change register model 
. INDEX 18 
CLP m,X > Data length, index register length 16 bits 
PUL X,Y,A > Restore registers X, Y, A 
, Return from interrupt processing = 
RTI > Return to processing before interrupt 
> * The PS, PG, and PC are restored automatically to their values 
: before the interrupt with the RTI instruction. 
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(3) Interrupt processing example (when memory space exceeds 64K bytes.) 
This is an example of a program that must be executed within an interrupt service routine. When the 
memory space exceeds 64K bytes, data bank register must also be stored, set, and restored in 
addition to the processing for “(2) when memory space is 64K bytes or less” (refer to page 40 for 
information on interrupts). 


SEQ. 


1296 
1297 
1288 
1298 
1300 
1301 
1302 
13038 
1304 
1805 
1306 
1307 
1308 
1308 
1310 
1311 
1312 
1318 
1314 
1315 
1316 
1317 
1318 
1319 
1320 
1321 
1322 
13238 
1324 
1325 
1326 
1827 
1328 
1329 
1380 
1331 
1382 
1338 
1334 
1885 
1338 
1387 
1338 
1338 


360 


LOC. 


00E817 


00E817 


00E819 
00E81B 


OOE81C 


OOE81E 


O0E821 


Q0E822 
Q0E824 


O0E826 


OBJ. 


C280 
EBOD 
8B 


E230 


890212 


AB 


C280 
FBOD 


40 


en nn ee co ce ee ee eee ee ee ee ee ee ee ee ee cee ee coe ee cee 


oe eBeccebeee Meee cdeee Rees SOURCE STATEMENT. 46.5... 0M ee Bee e Mecce doce eens cBe rc eMeae edocs ekeee 


* Sass sisesasesssesssssssssssns seesssssssssssssss= 
, Interrupt routine processing example 2 = 
; When memory space exceeds 64K bytes = 
, (When data bank is changed) = 
> SS cs a ee car eae one ea nas ne ea a eas ot Oe Saw Es ID CON ND SNE OD nD SOR el Cow ED al en cae aD OD ND oD Su ND Sew SY Mae) SP Sen Se Sea SNS Ga ae 
INTERRUPT_2: , 
) ncuseruvsradenseedueaevanulceuseucacees 
; Store registers = 
’ 
-DATA 16 > Register model declaration 
. INDEX 16 
CLP m,X > Data length, index register length 16 bits 
PSH X,Y;A > Store registers 
PHT > Store data bank register 
«DATA 8 > Change register model 
. INDEX 8 
SEP m,X > Data length, index register length 8 bits 
DT 012H > Declare data banks used for interrupt processing 
LDT #012H > Set data bank register used for interrupt processing 
tf 
, : ; : 
; : > Interrupt processing 
, : ; ° 
pESSS EATERS cee eseHeeek as eeessSserasse=ss 
> Restore registers = 
> > 0 a Oe ee OO me OS NP ey Oe OP SE Of Os Das Oa Oe OP We Mad OW Som a OD OD OD OD 
, 
PLT > Restore data bank register 
-DATA 16 > Change register model 
. INDEX 18 
CLP mx > Data length, index register length 16 bits 
PUL X,Y,A > Restore registers X, Y¥, A 
, 
> 2 SS Sw OF OO 0 Oe 0 OS OE a Ot ED OD 00S OO OD OD OS ED OD On OD Im Oh OD wD OO Ow 
; Return from interrupt processing = 
> oO ee Oe wee 00 OS Om OF OD OP OS DD OU Und OD HD Hs OD OU a OP OD OO OD On Os YO 
RTI > Return to processing before interrupt 


% The PS, PG, PC are restored automatically to their values 
before the interrupt with the RTI instruction. 


we we wo 
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9.7.8 Watchdog timer setting examples 
(1) Watchdog timer write routine 
This is a setting example for a program that sets “FFFic’ in watchdog timer when there is a write 


operation to the watchdog timer. This is used to detect program runaway (refer to page 172 for 
information on watchdog timer). 


SEQ. LOC. OBJ. oe eKeceedeeceMeee cdeee eKe ee sSOURCE STATEMENT . 0615.15 Mees Been eMecee doce ehe oe cdeceeMererdeseckeve 
13854 | , Seas sssssssscssssssssssssssssssssssssssszsssssss 

1355 1; [Watchdog timer write routine J = 

1858 ] {Sass saassassssasssssssssessss ssessssssssscssss== 

1357 OOF000 1 XDT_SET: 

1858 OQOFO0O 08 1 PHP > Store PS 

1859 OOFOO! F8 | SEM > Data length 8 bits (Note) 
13860 OQOFO02 *8560 Ll STA A, WDT > Write to watchdog timer 
1861 OOFO04 28 1 PLP > Restore PS 

1362 OOFO05 60 1 RTS 

1363 1; 

1364 1 ; Note: The address following the watchdog timer 

1365 1; contains the watchdog timer frequency 

1366 1; selection flag. Therefore, be careful not 

1367 1; to change the value when accessing the 

1368 1; watchdog timer in 16-bit unit. 
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(2) Watchdog timer interrupt processing example 
This is a setting example for a program that performs a software reset when a watchdog timer interrupt 
occurs (refer to page 172 for information on watchdog timer). 
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SEQ. 


1371 
1372 
1378 
1374 
1375 
1376 
1377 
1378 


LOC. OBJ. 


OOF O06 


OOFO08 F8 
QOF007 «x045E08 
OOFOOA 40 


> BSSS SSS SsSsssssssssaasassssssrsaasssssssssssssss 


1; Watchdog timer interrupt processing example = 


1 » BESS SSsasSasssasSsssssassasss sssssssssssssssssss 
1 WATCH _DOG: 
| -DATA 8 
1 SEM ? 
Ll SEB #00001000B , PMR > Software reset 
1 RTI 


APPLICATION 


9.7 Program examples 





9.7.9 Software timer setting examples 
This is a setting example of a program that generates 10us and 50us waits without using a timer. These 
waits depend on the external clock input frequency and the address/data bus usage. This example assumes 
8MHz external clock input frequency, 16-bit external bus width, and no wait. 


SEQ. 


1388 
1389 
1400 
1401 
1402 
1403 
1404 
1405 
1408 
1407 
1408 
1409 
1410 
1411 
1412 
1413 
1414 
1415 
1416 
1417 
1418 
1419 


1420 


LOC. 


00F800 


0OF800 
OOF 801 


OOF 804 


OOF 804 
OOF805 


OBJ. 


F8 
894920 


F8 
8949C0 


a ee ee ee ee ee ee ee ee) 


ee ee ee ee ee ee ee ee) 


10 Us wait routine 


f(XIND=8MHz 


WITIO: 


DATA 


8 


#32 


1 écyc=260ns 


2 @cyc 
6+82 ¢cyc 


50 “s wait routine 


£(XIND=8MHz 


DATA 
SEM 
RLA 


8 


#192 


1 écyc=250ns 


2 Ocyc 
6+192 dcyc 


Total 200 ¢cyc 
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9.7.10 Interrupt vector table setting example 
Interrupt vector setting examples are shown below. Set the branch address of appropriate interrupt at the 
interrupt vector address (refer to page 40 for information on interrupts). 


SEQ. LOC. OBJ. Sdiecb Melson doe 6a liekss Gesu cted se SUURGCE STATEMENT . 0025s 0s Meee Bove oMevced cee skevesGevcekeveedeveeMees 


1454 . ) SERS RSMAS SAAS A SSAA SNS Sass SSAA a SSSSSSSSSaSSSSSaTEs= 
1455 ’ Interrupt vector table = 
1456 ) SESS SENS ASA SSSR SSSA aas senses Sa aaSaSSaaSSSSSSSSSsTTSsss 
1457 ’ 

1468 SECTION VECTOR _ AREA 

1459 -ORG = OF FDGH 


1480 OOFFD6 0000 
1461 OOFFD8 0000 
1462 OOFFDA 0000 
1463 OOFFDC 0000 
1464 OOFFDE 0000 
1465 OOFFEO 0000 
1466 OOFFE2 0000 
1467 OOFFE4 0000 
1468 OOFFES 0000 
1468 OOFFE8 0000 
1470 OOFFEA 0000 
1471 OOFFEC 0000 
1472 OOFFEE 0000 


«WORD = INT_AD 

-WORD = INT_SIT 
-WORD  INT_SIR 
~WORD = INT_SOT 
-WORD INT_SOR 
-WORD = INT_TB2 
-HORD = =INT_TBI 
-WORD = INT_TBO 
-HORD = INT_TA4 
~HORD = =INT_TAS 
-HORD = INT_TA2 
~WORD = INT_TAL 
-WORD INT _TAO 


A-D conversion interrupt vector 
UART1 transmission interrupt vector 
UART! receive interrupt vector 
UARTO transmission interrupt vector 
UARTO receive interrupt vector 
Timer B2 interrupt vector 

Timer Bl interrupt vector 

Timer BO interrupt vector 

Timer A4 interrupt vector 

Timer AS interrupt vector 

Timer A2 interrupt vector 

Timer Al interrupt vector 

Timer AO interrupt vector 


1478 OOFFFO 0000 ~HORD = INT2 INT2 interrupt vector 
1474 OOFFF2 0000 -HORD ~=INTI INT! interrupt vector 
1475 OOFFF4 0000 «WORD INTO INTO interrupt vector 


1476 OOFFF6 0000 
1477 OOFFF8 0000 
1478 OOFFFA 0000 
1478 OOFFFC 0000 
1480 OOFFFE (C000 
1481 , 

1482 : «END 


~WORD = INT_WDT 
~WORD RESERVED 
~WORD —INT_BRK 
~WORD INT_DIVO 
~WORD INITIAL 


Watchdog timer interrupt vector 
(Reserved area) 

BRK instruction interrupt vector 
Zero divide interrupt vector 
Reset vector 


am apd coat sae cara <a aaa cad oad eR ed cag aed oS and “oa al al ee a 


wewe we woe we we we wewe wo wo Woe we we Vows ws woe Ws We WE 
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endix 2. Control registers 

endix 3. Stop, wait, one-wait, Ready, 
Hold state 

4. Package outlines 

9. Setting example of unused pins 

6. Print foot pattern examples 

7. System development precautions 

8. M66800SP/FP 

9. Machine instructions 

10. Instruction code table 


en 
en 


eoeoa 
xx KK KX X 
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Appendix 1. SFR area memory map 


Address Registers Access 
(Hexadecimal notation) 
000000 RO - Read only 
000001 WO :* Write only 
000002 RW -- Read/Write 
000003 (ea Impossible to write, 
and undefine at reading 
eae see Impossible to write, 


000005 
000006 
000007 
000008 
000009 
00000A 
00000B 
00000C 
00000D 
00000E 
QOO00F 
000010 
000011 

000012 
000013 
000014 
000015 


and fixed to “0” at reading 

















[Por Pa direction regsier | -RW | 
i Mad 





} M37730 group dose not have this register. 


} M37730 group dose not have this register. 












00001D 





QOOO1E | A-Dcontrol register b7  b6 bd _b4__-b3_—b2sib1 ib 
Q0001F | A-D sweep pin selection register 
000020 | A-D register 0 


000021 
000022 
000023 
000024 
000025 


M37730 group dose not have these registers. 
A-D register 1 


A-D register 2 
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Address Registers Access 
(Hexadecimal notation) 


A-D register 3 














000026 
000027 
000028 
000029 
00002A 
00002B 
00002C 
00002D 
00002E 
00002F 
000030 
000031 
000032 
000033 
000034 
000035 
000036 
000037 
000038 
000039 
00003A | 


A-D register 4 
A-D register 5 


M37730 group dose not have these registers. 


A-D register 6 


A-D register 7 
UARTO transmit/receive mode register 


UARTO baud rate register 


UARTO transmission... L 
buffer register 


UARTO transmit/receive control register 0 
UARTO transmit/receive control register 1 


H 
. L 
‘UARTO receive buffer register or 


UART1 transmivreceive mode register RW 
UART1 baud rate register WO 


'UART1 transmission L 


2! el Bl BL el bel 


RW 
WO 















b7 66 b5  b4__b3__be 





b7 b6 b5  b4  b3  b2 bi b0 


M37730 group dose not have these registers. 






















00003B | buffer register b7_b6 _b5__b4_b3__b2_b1_bO 
00003 AKA EAEACOGUGUE 
200090 Ro[Rotno[nol olpwL ROlRw 
00003E 


b7  b6 b5 b4 b3 b2  b1_ b0 


00003F 


H 
L 
‘UART1 receive buffer register ar 


000040 | Count start flag i 
oooo4t { 7 b6 5 bs BS bb 
000042 | One-shot start flag 


000043 
000044 
000045 
000046 
000047 
000048 
000049 


b7  b6  b5 b4 b3  b2 bi b0 


Up-down flag - 


bs 


‘Timer AO register s-*s-rrrreorss R 


= 


‘Timer At register -----++++r+ "8 RW 


we) 
T2/2{ 1 fl ebaehts [seth 


b7 b6 b5  b4  b3  b2 bi b0 
? 


#1: The contents of M37730 group's count start flag 


are described on the rihgt. 
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Address Access 


Registers 


(Hexadecimal notation) 
























00004A 
00004B 
00004C 
00004D 
00004E 
00004F 
000050 
000051 

000052 
000053 
000054 
000055 
000056 
000057 
000058 
000059 
00005A 
00005B 
00005C 
00005D 
00005E 
00005F 
000060 
000061 

000062 
000063 
000064 
000065 
000066 


> Timer A2 register s+++++-*--*"° 
- Timer AS register -++++-------- 
"Timer A4 register ssr+-***"**:- 
- Timer BO register ----------=-- 
- Timer B1 register -*---+*--°-- 


- Timer B2 register ------------- 


H 
; 


WwW 
W 
W 





={= 


Paw 
[Timer 80 mode register [| _— 
Timer Bt moderegster | = 
Timer 82 mode register | 
[Processor mode register | = 
Ss wi 
Watchsoginer | wo 
Waveform oupt node regiser | _— 


Pulse output data register 1 


ae ame 
ST 


ail 


J 


= 
O 





4 






%#2: The contents of M37730 group's waveform 


Output mode register are described on the rihgt. 


M37730 group dose not have these registers. 





M37730 group 
dose not have 
these registers. 





b7_ b6 OS 4 Sb? ib 
? 


bO 
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Address Access 


(Hexadecimal notation) 


eel 
aetna | 
Conan nana 
oaTo rene ram eoregsr | 
ar were aeoaee —[ 
pate anenseree | 
Timer AD inerpt conte egier_| 
Tenet AT iter cone oie 
Finer A rvrupt conve einer | 
Frimer A interptconrl register [ > 
Timer Ad erupt contol eistor 
Timer BOirieruptconvelegster 
inert inert cowl opiter [= 
ine Beer tee 


INTo 


Registers 






000070 
000071 
000072 
000073 
000074 
000075 
000076 
000077 
000078 
000079 
00007A 
00007B 
00007C 
06007D 
00007E 
00007F 
000080 



























uw it Iwe.S: 


‘é upt co 
INT1 ere control register 
INT2 interrupt contro! register 













ut 


Internal RAM 





i ne 


b7. b6—b5_ 4 bO 


C7777] 2 Jawfawlaw]Aw]} 
Crp e[? | Tawlawlaw}aw, 


M37730 group 
dose not have 
this register. 








2] 2) 2] 2 [RWIRWIRWIRW. 
waa a a 

? IRWIRWIRWIRWIRWIRW 
Pe Tawaw [ror aww 






M37730 group 
dose not have 
these registers. 












M37730 group 
dose not 
these registers. 






| 
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Appendix 2. Control registers 
The register structure of each control register allocated in the SFR area of M37732 group are shown on the 


following pages. Each table shows the bit names, functions, contents when reset is removed, and bit 
attributes. | 


* Bit attributes: Each bit in the control register is either read only, write only, or read/write. The following 
abbreviations are used to indicate the attribute. 


: Read 

: Write 

: Possible to read or write 

: Impossible to read or write 


XxOsSD 
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[M37732 Group] 
1.Port Pi direction registers (l=4 to 8) 


b7 b6 b5 b4 b3 b2 bi b0 


Port Pi direction register 
(Addresses OC 16, ODi6, 1016, 1116, 1416) 





0 | Port Pio direction selection bit 0 : Input mode 
Port Pi: direction selection bit 1 : Output mode 
[3 [Por Pisdrecton selection ot 

[Por Pi drecton selecion bt 


6 | Port Pie direction selection bit 
Port Pi7 direction selection bit 


Note: There are no pins corresponding to the low-order 3 bits of port P4 
direction register. 


2.A-D control register 


b7 b6 b5 b4 b3 b2 bi b0 


TT TT TTL J] £2 contro! register (Address 1E16) 


Bi] _‘Bitname =< ~——~S~C*unctions =i RW 
jo|*"ers input selection bits 
: ANo pin selected Undefined 
: AN: pin selected 










: AN2 pin selected 
: ANs pin selected 
: ANa pin selected 
: ANs pin selected 
: ANe pin selected 
: AN7 pin selected (Note) 


+~0+0-0-09 


b4 
0 
0 
1 
1 


- D conversion mode selection bits 
: One-shot mode 
: Repeat mode 
: Single sweep mode 
: Repeat sweep mode 


, | [ager selection bit 0 : Software trigger (internal trigger) 
ADtre input trigger (external trigger) 
A-D conversion start flag Sa A-D conversion 
Start A-D conversion 
A-D conversion frequency (dao) | 0 : f(Xin)/8 (fe) 
selection flag 1: £(Xin)/4 (fa) 


Note: AN7 pin cannot be used as analog voltage input pin when an external 
trigger is selected. 
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3.A-D sweep pin selection register 


D7 b6 DS os b3 be b1~b0 
a La Gia Sa ic A-D sweep pin selection register (Address 1Fie) 


Bi] Birame [| Functions [wees] RW 


A-D sweep pin selection bits bib0 
| 0 0: ANo, AN: (2 pins) 
0 1: ANoto ANs (4 pins 
1 rf ANo to ANs (6 pins 
1 1: ANoto AN7 

















8 pins 









4.UARTI transmit/receive mode registers (i=0, 1) 


b7 b6 b5 b4 b3 b2 b1 b0 


UARTO transmit/receive mode register addreee 3016) 
UART1 transmit/receive mode register (Address 3816) 


Serial I/O mode selection bits 
: Serial I/O prohibited 


: Clock synchronous serial I/O 
: This is not available. 
: This is not available. 
: 7-bit VART 
: 8-bit UART 
: 9-bit UART 
: This is not available. 


Internal/External clock selection bit “Riera clock 
re External clock 
fine bit aut ‘aaa bit 0: One stop bit 
ART mode) 1: Two stop bits 
Bl aaa pal) selection bit 0 : Odd parity 
(in UART mode) 1 : Even parity 
Parity enable bit 0: Parity disabled 
(in UART mode) 1 : Parity enabled 
Sleep function selection bit 0 : Sleep function disabled 
7 {(in UART mode) 1 : Sleep function enabled 


Note: Bits 4 to 6 are ignored in clock synchronous mode. 
Bit 7 must be fixed to “O” when using clock synchronous mode. 








t 


= 
® 
7] 
® 





4+O+O+0+08 


b2 
0 
0 
0 
0 
1 
1 
1 
7 


eo ee oe 





TOTO;JO/lOJlOlO}1O|Ol|z 
fOTOTOTOJLOOIOIO{Iz 
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5.UARTI baud rate register 


b7 b6 bS b4 b3 b2 b1 bO 













UARTO baud rate register ages 31 : 
UART1 baud rate register (Address 3916 


ei] Bitrame «Suncor Sie RW 
o 


When an internal clock is selected in clock synchronous serial /O undetined| >€ | C) | 
mode, set a value between 0016 and FFie to set the BRG count undefined] >| OQ) 


source deviding ratio. 
tre] XO. 
In UART mode, set a value between 0016 and FFie regardless of an undetined| | C)) 
internal clock or external clock to set the BRG count source dividing 


ratio. Undetned} ><] | 
5 | Undeinea| X] ©) 
6 Undetned] 9K] O) 
undetned] XO) 






































The BRG divides an input clock by (n+1). 
n: a value set in the UARTi baud rate register 


6.UARTi transmit/receive control register 0 (i=0, 1) 


b7 b6 b5 b4 b3 b2 b1 b0 


UARTO transmit/receive control register 0 (Address 3416) 
UART1 transmit/receive control register 0 (Address 3Ci16) 


Bi] ____Birame | Functions [wea RW. 


BRG count source selection bits |[b1b0 
2 (f) selected 


16 (fie) selected 
64 (fea) selected 
512 (fs12) selected 














— © 

=a 

Fi 

za 
— ree 
~~ SS 


0 : Data in transmission register 
(transmitting) 

1 : No data in transmission register 

(transmit complete) 
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7.UARTI transmit/receive control register 1 (i=0, 1) 
b7 b6 b5 b4 b3 b2 bi b0 
Ctra ot fe UARTO transmit/receive control register 1 (Address 35:6) 
UART1 transmit/receive control register 1 (Address 3D16) 
| CBitname | Functions, at roset | RW 
Bais enable bit : Transmission disabled 
- Transmission enabled 
Transmission buffer empty flag O : Data in transmission buffer register , 
1 : No data in transmission buffer register 
Receive enable bit 0 : Receive disabled 
1 : Receive enabled 
Receive completion flag O : No data in receive buffer register 
1 : Data in receive buffer register 
Overrun error flag 0 : No overrun error x 
4 1 : Overrun error 
Framing error flag 0 : No framing error x 
(in UART mode) 1 : Framing error 
Parity error flag 0 : No parity error 
6 (in UART mode) ie Parity error ) 0 |O|x' 
Error sum flag 0 : No error x 
7 (in UART mode) 1: Error 


Note: Bits 5 to 7 are ignored in clock synchronous mode. 
Receive completion flag and each error flag are cleared to “0” when the 
low-order byte of receive buffer register is read or the receive enable bit 
is cleared to “0”. 









8.Count start flag 
b7 b6 b5 b4 b3 b2 b1 bO 


FT 7 TT TT [| Count start flag (Address 4016) 


ei pera Farts em 
}0|Timer AQ countstartflag | 0 : Count stop 
Timer A1 count start flag 1: Count start 
[a Ter AZ eount sir fag 
[6 Timer 87 count start lag 
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9.One-shot start flag 





Bi] Bitrame——*«t Sanctions «de | RW 
[3 [Timer Ad one-shot start lag 
[4 [Timer Aé one-shot start fag 
5 


3 
4 
5 | These bits cannot be written and are undefined at reading. 


7 















10.Up-down flag 


b7 b6 b5 b4 b3 b2 bi bd 


TT TT TT [ J] up-down flag (Address 4416) 


EG Timer AO up-down flag 0 : Decrement count 
Timer A1 up-down flag 1: Increment count 


















Timer A2 up-down flag 
Timer A3 up-down flag 
Timer A4 up-down flag 


Timer A2 two-phase signal 
5 | processing selection bit 


Timer A3 two-phase signal 
processing selection bit 


Timer A4 two-phase signal 









0 : Two-phase pulse signal 
oe unction disabled 

1 : Two-phase pulse signal 
processing function enabled 









processing selection bit 


Note: Data must be written using LDM and STA instructions for bits 5 to 7. 
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11.Timer Ai mode registers (i=0 to 4) 
b7 b6 bS b4 b3 b2 bi bO 


Yt [ [ 7 [ [|_| Timer Ai mode register (Addresses 5616 to SA16) 
Bit! —Bitname | Functions atoset| RW. 


Operating mode selection bits b1b0 0 jojo 




















0 0: Timer mode 

0 1: Event counter mode 
1 0: One-shot pulse mode 
1 1: PWM mode 





Fi These bits’ functions depend on operating mode. 





Count source selection bits 
: f(Xin)/2 (2) 
> £(Xin)/16 (fre) 
: f(XIN)/64 (fea) 
: f(Xin)/512 (f512) 








Note: In event counter mode, bits 6 and 7 are ignored. 


(1)Timer mode 


b7 b6 bS b4 b3 b2 bi b0 


| { fof | { {o}o| Timer Ai mode register <Timer mode> 


CO, Operating mode selection bits b1b0 
| 0 0: Timer mode 
Pulse output function selection bit 0 : No pulse output 
1 : Pulse output from TAiout pin 


Gate function selection bits b4b3 

0 X : No gate function 

1 0: Count while TAin input level is “L” 
1 1: Count while TAiin input level is “H” 


This bit must be fixed to “0”. 


Count source selection bits 



























Herve (es 





[~jole| sen 
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(2)Event counter mode 


b7 b6 bS b4 b3 b2 bi b0 


x}x}ol | | [0] 1] Timer Ai mode register <Event counter mode> 


| 0 | Operating mode selection bits bib0 
0 1: Event counter mode 
Pulse output function selection bit 0 : No pulse output 
1 : Pulse output from TAiouT pin 
Count polarity selection bit 0 : Count at the falling edge of the input signal 
1 : Count at the rising edge of the input signal 
Up-down switching factor selection bit | 0: Contents of the up-down flag 
1 : Input signal of the TAiout pin 


4 
This bit must be fixed to “0”. 









These bits are ignored (may be “O” or “1”). 






(3)One-shot pulse mode 


b7 b6 bS b4 b3 b2 bi b0 


Ft fot | fatsafo. Timer Ai mode register <One-shot pulse mode> 


0. Operating mode selection bits b1b0 
1 0: One-shot pulse mode 
° This bit must be fixed to “1”. 


Trigger selection bits b4b3 

0 X : Writing operation to the one-shot start flag 
1 0: Falling edge of the input signal toTAiIN pin 
1_ 1 : Rising edge of the input signal to TAiIN pin 


This bit must be fixed to “0”. 


Count source selection bits 















oe ee Se 
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(4)PWM mode 


b7 b6 bS b4 b3 b2 bi b0 


eae le tect eeaaa Timer Ai mode register <PWM mode> 
Bit! Bitname | Functions 
0 | 


Operating mode selection bits b1b0 
1 1: PWM mode 


This bit must be fixed to “1”. 


Trigger selection bits b4b3 
0 X : Count start flag 


1 0: Falling edge of the input signal to TAiIN pin 
1 1: Rising edge of the input signal to TAiIN pin 





16/8-bit PWM mode selection bit | 0: 16-bit PWM mode 
1 : 8-bit PWM mode 


Count source selection bits b7b6 
O 0: f(Xin)/2 (fa) 
O 1: f(Xin)/16 (fre) 


1 0: f(Xin)/64 (fea) 
1 1: f(X1n)/512 (fs12) 
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12.Timer BI mode registers (i=0 to 2) 


b7 b6 b5 b4 b3 b2 bi bO 
| feed [| | | | Timer Bi mode register (Addresses 5B16 to 5Di6) 





| Operating mode selection bits | 0160 
0 0: Timer mode 


0 1: Event counter mode 











1 0: Pulse period/Pulse width 
1 measurement mode 
1 1: This is not available. 
These bits’ functions depend on operating mode. | o |OlO 
0 |O|O) 
| 4 | This bit cannot be written and is undefined at reading. 
5 This bit’s function depends on operating mode. i/o x 
(Note) 
Count source selection bits b7b6 
O 0: f(Xin)/2 (fe) 
O 1: f(Xin)/16 (fie 
1 0: f(Xin)/64 (fea | 
7 1 1: f(Xin)/512 (fs12) O1O 


sorrepatmetis. eae 


Note: In timer mode and event counter mode, bit 5 is ignored and undefined 
at reading. 


(1)Timer mode 


b7 b6 b5 b4 b3 b2 b1 bd 
|31x {x10 | 0 | Timer Bi mode register <Timer mode> 


Os Operating mode selection bits b1b0 
0 0: Timer mode 
EA These bits are ignored (may be “0” or “1”. 


This bit cannot be written and is undefined at reading. 
| 5 | This bit is ignored and undefined at reading. 


re) ” 
Count source selection bits b7b6 





: {(Xin)/2 (f2) 

> £(XiN)/16 (fre 
itXN 164 le 

: f(Xin)/512 (fs12 


00 
0 1 
10 
1 1 
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(2)Event counter mode 


b7 66 bS b4 63 b2 bi b0 | 
“1 | | o[ 1] Timer Bi mode register <Event counter mode> 


0. Operating mode selection bits b1b0 
0 1: Event counter mode 














Count polarity selection bits b3b2 







O 0: Count at the falling edge of the input signal 
O 1: Count at the rising edge of the input signal 
1 0: Count at both edges of the input signal 

1 1: This is not available. 


This bit cannot be written and is undefined at reading 








This bit is ignored and undefined at reading. 


These bits are ignored (may be “O” or “1”). 


(3)Pulse period/Pulse width measurement mode 


b7 b6 b5 b4 b3 b2 b1 b0 
Pe EO Timer Bi mode register <Pulse period/Pulse width measurement mode> 


| 0 | Operating mode selection bits | b1b0 
1 0: Pulse period/Pulse width measurement mode 


Measurement mode selection bits b3b2 
0 0: Pulse period measurement mode (between the 
falling edge and the falling edge of the input signal) 
O 1: Pulse period measurement mode (between the 
rising edge and the rising edge of the input signal) 
1 0: Pulse width measurement mode 
1 1: This is not available. 


4 | This bit cannot be written and is undefined at reading. 


Timer Bi overflow flag 0 : No overfolw 
1 : Overflow 


Count source selection bits b7b6 

0 0: f(Xin)/2 (fe) 

O 1: f(Xin)/16 (fis) 

1 0: f(XIn)/64 (fea) 

1 1: £(Xin)/512 (fs12) 





ososetece’ 
foto totale tee! 

























Note: The timer Bi overflow flag which is set to “1” is cleared by writing 
to this register with the count start flag is “1”. 
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13.Processor mode register 


b7 b6 b5 b4 b3 b2 b1 b0 


=fo| |[ | | [1] 0] Processor mode register (Address 5E 16) 
Bit! sBitname | Functions =~ Atreset| RW 


fo This bit must be fixed to “0”. | o jojo 
This bit must be fixed to “1”. /1 Jojo 
Wait bit 0 : Wait during external access 
1: No wait 
: Software reset bit Software reset activated by writing "1". 2 xo 


Interrupt priority detection b5b4 
time selection bits 0 0 : 7 cycles at internal clock @ 
O 1 : 4 cycles at internal clock @ 
1 O : 2 cycles at internal clock 
1 1: This is not available. 
This bit must be fixed to “O”. | 
0 j}O;O 
; This bit cannot be written and is undefined at reading. se «|X 
Undefined] >€ 


14.Watchdog timer frequency selection flag 








b7 b6 b5 b4 b3 b2 bi b0 
ces ees ec cone een ees Be Watchdog timer frequency selection flag (Address 6116) 


___Bitname mee Ee 


 egaiers timer frequency f(Xin)/512 (fs12) 
selection flag f(Xin)/32 (fs2) 


| 1 | These bits cannot be written and are undefined at reading. 


z 
x 
x 
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15.Waveform output mode register 


b7 b6 BS b4 bS 62 b1 bd 


Waveform output mode register (Address 6216 ) 


ei] Bitname [Functions [wom | RW! 


Waveform output mode selection bits 





: Programmable I/O port 

: RTP1 selected 

: RTPO selected 

: RTPO and RTP1 selected 


; This bit cannot be written and is undefined at reading. 

RTPO polarity selection bit O : Positive polarity 

1: Negative Sent 

RTPO pulse width modulation 0 : Not modulated 

by timer A1 selection bit 1 : Modulated 

RTP1 pulse width modulation | 0 : Not modulated 

by timer A3 selection bit 1 : Modulated 
6 | These bits cannot be written and are undefined at reading. 
| 





16.Pulse output data register i (i=0, 1) 
ll b6 b5 = a b2 b1 b0 


Pulse output data register 1 ee ah 
Pulse output data register 0 (Address 6516 


Bit] ———Bitname | Functions | reset] RW 
| 0 | RTPio output data 0: “L” level output undened] 9X] O)] 
sein eNeHOoEe vested] XO 
brain] XO) 
sired] XO 
These bits cannot be written and are undefined at reading. 


Note: Data must be written using LDM and STA instructions for bits 0 to 3. 
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17.A-D conversion, UART 0 and 1 transmission, UART 0 and 1 receive, timers AO to A4, 
timers BO to B2 interrupt control registers 

57 BG 0S b4 3 b2 bi 60 Gane a oe 

acre Dae Sa aa A-D conversion, UARTO and 1 transmission, UARTO and 1 receive, timers AO to A4, 

= timers BO to B2 interrupt control registers (Addresses 7016 to 7Ci16) 











oars priority level 
selection bits : Level 0 (Interrupt disabled) 
: Level 1 
: Level 2 
: Level 3 
: Level 4 


: Level 5 
: Level 6 
: Level 7 


Interrupt request bit : No interrupt request 
: Interrupt request 


These bits cannot be written and are undefined at reading. 





Note: Use the SEB and CLB instructions when setting each interrupt control 
register. 


18.INTo to INT2 interrupt control registers 


b7 b6 5 b4 b3 b2 bi bo 
tet | [| | |_| INToto INTz interrupt control registers (Addresses 7D16 to 7F'6) 


Bil Biname ‘| Functions [wom] RW 


Interrupt priority level 
selection bits 









: Level 0 (Interrupt disabled) 
: Level 1 
: Level 2 
: Level 3 
: Level 4 
: Level 5 
: Level 6 
: Level 7 


Of 2anaa3acs0co00f 
zij--0c0-=009 
| +o+o+0+08 





Level/Edge selection bit 0 : Set Interrupt request bit at “H” level 
for level sense and the falling edge 
for edge sense. 

1 : Set Interrupt request bit at “L” level 

for level sense and the rising edge 

for edge sense. 


Level sense/Edge sense selection bit 0 : Edge sense 

5 1 : Level sense 
| 6 | These bits cannot be written and are undefined at reading. 
[unieeadl X[K 


Note: Use the SEB and CLB instructions when setting each interrupt control register. 
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[M37730 Group] 
For M37730 group, the following two resisters are different from M37732 group. 
1.Count start flag 


b7_b6 b5 b4 b3 b2 b1 b0 


co Be RaRe Count start flag (Address 4016) 


Bit name _ Functions Atrset | R |W 
Timer AO count start flag 0 : Count stop 
Timer A1 count start flag 1: Count start 














Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
5 | Timer BO count start flag 


These bits cannot be written and are undefined at reading. 





2.Waveform output mode register 


b7 b6 bd b4 b3 b2 b1 b0 
Waveform output mode register (Address 6216 ) 


pit! —Bitmame | Functions Ateset | RW 


0 Waveform output mode selection bits  |b1b0 






0 0: Programmable 1/O port 
0 1: RTP1 selected 


1 0: RTPO selected 
, 1 1: RTPO and RTP1 selected 


This bit cannot be written and is undefined at reading. 
RTP0 polarity selection bit 0 : Positive polarity 
3. 1 : Negative polarity 
RTPO pulse width modulation 0 : Not modulated 
4 | by timer A1 selection bit 1 : Modulated 
RTP1 pulse width modulation 0 : Not modulated 
by timer A3 selection bit 1 : Modulated 
6 This bit cannot be written and is undefined at reading. 
- Waveform output control bit 0 : Waveform output disabled 
7 1: Waveform output enabled 
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Appendix 3. Stop, wait, one-wait, Ready, Hold state 


1. Stop, wait, one-wait, Ready, Hold state 
Table 1 shows the stop, wait, one-wait, Ready, and Hold state. 
The following are some notes for items in Table 1. 


(1) Oscillation 
Timer A, timer B, serial 1/0, and A-D converter can be used when the oscillator is operating. 


(2) STP instruction 


Table 2 shows the external interrupts used to remove the state (stop mode) after executing the STP 
instruction. 


If these external interrupts are used to remove the stop mode, enable the interrupts before entering 
the stop mode. 


Table 2 External interrupts used to remove stop mode 











External interrupt Interrupt Source 
External input signal INTo, INT1, INT2 
Serial I/O using external clock UARTO reception, UARTO transmission 
(clock synchronous/asynchronous) UART1 reception, UART1 transmission 
Timer interrupts ‘in event counter mode Timer AO, Timer A1, Timer A2, Timer A3, Timer A4, 


| Timer BO, Timer B1, Timer B2 
Note: M37730 group does not have UART1, Timer B1 and Timer B2. 


(3) STP, WIT instructions 

The reset used to remove the state (stop mode) after executing the STP instruction or the state (wait 
mode) after executing the WIT instruction is a hardware reset. If a hardware reset is used to remove 
a stop mode or wait mode, the contents of the internal RAM are the contents before executing these 
instructions. The state of the other internal registers are the same as described in section “3.1.2 
Internal registers state at reset”. The contents of the internal RAM is not retained if a hardware reset 
is performed in cases other than stop mode or wait mode. 

If STP or WIT instruction is to be executed after writing to internal RAM, SFR, external memory, or 
peripheral IC, insert NOP instructions in front of these instructions. Table 3 shows the number of NOP 
instructions to insert. 


Table 3 Number of NOP instructions to insert 


Condition NOP instructions 
After writing to internal RAM and SFR 1 
After writing to external memory and peripheral |C when the wait bit (bit 
2 at address 5E:6) is “1” } 
After writing to external memory and peripheral IC when the wait bit is “O” 
(one-wait mode) 3 
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Table 1 Stop, walt, one-wait, Ready, Hold state 


el STP instruction | WIT instruction Wait bit RDY input HOLD input 
Parameter See ee) mode) (wait mode) one-wait mode (Read ame State) (Hold state) 


Oscillator 
$1 output 
E output 


Bus state 
Port state 


CPU 

Timer 

Serial /O 

A-D converter 
Watchdog timer state 


Removing of state 


Note: M37730 group does not have port P7. 






Stopped = sd 
Stop at “L” level 


Stop at “H" or “L” level 


Operate Operating Operating 
i ——— Operating 


“L” pulse width becomes Stop at “H” or “L” level | Stop at “H” level 
twice at external access. 


Retain bus and port state} Bus, R/W pin, BHE pin are 
when “L” level is applied | floating. ALE pin, HLDA 
pin stop at “L” level. 

Ports P43-P47, P5, P6, 
P7, P8 retain state when 
“L" level is applied. 





Operating 
Stop at “H” or “L” level 


















Retain bus and port state | Retain bus and port state 
when STP instruction is | when WIT instruction is 
executed executed 





















Stopped Stopped Stopped 
Stopped Operating Operating Operating 


Stopped (set “FFFi6” in 
watchdog timer and 
select count source {32 
Hardware reset or 
accepting external 
interrupt 


Operating 












Set processor mode 
register bit 2 to “1”. 


Hardware reset or 
accepting interrupt 





Return RDY input to “H" | Return HOLD input to ‘H” 
level. level. 
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Appendix 4. Package outlines 


8OP6EN—A Plastic 8Opin 14% 20mm body QFP 


EIAJ Package Code JEDEC Code 
*QFPO80-P-1420, | CL 


Scale : 2/1 










el t= a ace 


Ho | 165 16.8 iva 


208 
6 | 08 







Pes eS es ae ee ee a ee 2 







SOP6S—A 


EIAJ Package Code. | JEDEC Code Weight (g) 
*QFPO8O-P-1414, | 


Scale : 2.5/1 


I 












Max 
ee ee 


pa ES 
16.8 
ee ea ee ee 
eae ae 






Detail F 


| Me | ~ | 146 | = | 
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8O0P6D—A Plastic 8Opin 12x 12mm body QFP(FP) 


EIAJ Package Code JEDEC Code Weight (g) 
*QFP80-P-1212, | = =— | 044 | 


Scale : 2.5/1 





Symbol Dimension in Millimeters 
: 
a (a a Te 


Lee ae Cae ee 
12.1 
oe ae ae ae 


5 
= 
E 


pe NN ee pe 
evemlalata-acalalatalstatatataiatatalssideae 


ie ae 
Detail F | Mo | - {124 | = | 
2 ie i a 





S64P6N—A 


EIAJ Package Code JEDEC Code | Weight(g) | 
*QFPO64-P-1414, | ST 


Scale : 2.5/1 





TAC 


16.5 16.8 
16.5 16.8 





JWT 


Detail F 


= 


E 
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64P4B Plastic G64pin 750mil SDIP 


EIAJ Package Code JEDEC Code | Weight(g) | 
SDIRVG4=2 0750). ai Se 


Scale : 1.5/1 









QDAAAAA AA AAA AAR AAA AAA AAARAAAA ARAL 





Dimension in Millimeters 









Min 
STE ee EC 
ase a 
ee ae 

SAM AWAMadaQaQaahaGaWauana@aWanallnlla@aaRAMeHaWAUamamaQanal, 0.6 
PEAR UE Pe UE ET PS Sag (oe) 1.0 1.3 

1.05 
oe Oe | es. | a2. 
b1 pt 56.2. | S6.4-- 1 56.6 | 
Rot hea ee ee 
SEATING PLANE ao eae ee 
re ie ee ee 
a a aa ee ee 
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Appendix 5. Setting example of unused pins 


Table 4 Setting example of unused pins 


Pin Setting 
Ports P4s-P47, P5—P8 Set to input mode and connect to. Vss through a resistor (pull-down). 





BHE (Note 1), ALE (Note 2), | Open. 











HOLD, RDY SSC Conmect to Vcc through a resistor (pull-up). ; 
AVec —SSSC*d Comet Veo, CS 
AVss, VReEF | Connect to Vss. | 


Note 1: When BYTE="H”. 

Note 2: When BYTE=“H” and address space is 64K bytes. 

Note 3: When external clock is input to Xin pin. 

Note 4: M37730 group dose not have port P7, AVcc pin, AVss pin and Vrer pin. 


Ports P43-PA7, 
(input mode) 


ALE 


= 
aC) 
os 
a 
U 





Fig. 1 Setting example of unused pins 
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Appendix 6. Print foot pattern examples 
Examples of target board print foot pattern and the IC sockets are described below. 
The print foot patterns are presented as examples. The = Quid consider the mounting condition and 





1. M37732S4/S4A/S4BFP (package: 80P6N—A) 
(1) Print foot pattern example 
Figure 7 shows the print foot pattern example for the 80P6N package. This pattern can mount the 


80P6N package, and IC61-0804-034 and IC61—0804-046 sockets provided by YAMAICHI ELEC- 
TRONICS Co., Ltd. which are described in “(2) IC socket”. 


0.8X23=18.4+01 


INDEX-1 position 








4-9 1.6 (stand-off position) 


28.4+01 


Dimension in mm 





Fig. 2 Print foot pattern example for 80P6N package 
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(2) IC socket 
The following IC sockets provided by YAMAICH| ELECTRONICS Co., Ltd. can be connected to the 
M37732 group support pod M37732T-HPD of the MELPS 7700 emulator PC4816. 


@80-pin LCC socket provided by YAMAICHI ELECTRONICS Co., Ltd. 


Type name : 1C61—0804-034 
Type name : 1C61—0804-046 


The profile of |C61—0804—046 is higher than 1C61-0804-034. 1C61-0804—046 is an exclusive use of 
mounting on printed circuit board and easy to solder. 


20.003 
15.8°9 


15.0 (connective position) 


0.8 & 15 =12.0+0.15 


INDEX-1 










i 
“eam fh i TH | ial ees 93.00 hole 








-_— 

f= 

2 

=) wow 

QO] = vey 

al F rf 
o| sel o| & 
Fi al2| 2 foe 
ie est ae i pe 
wo! | old n 
wl ci Q ne) 

ra rw 

8| x x 

tlo Oo 

ro 

ron 







Ber coo | : 
CEL 
SN 

Xo @ 11.0 (Be non-prominence in this circle) 
IC extraction notch (two positions 


(depth 3.8) 
8.0:0.4 


0.340.1 


0.8 X 15=12.0:+0.25 





SEC. X-X 
(S=10/1 ) 


Dimension in mm 


Fig. 3 IC socket (type name : IC61-0804-034) by YAMAICHI ELECTRONICS Co., Ltd. outline 
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20.0+0.3 







14.9 (connective position) 


0.8 & 15=12,0+0.15 


INDEX: 4 






ry - te Xx” 
2| a 
8s 2 | % g 
3| So] 8} < ( ! % 
A] VN} S|} 2 ' | a 
2/818) 3 = eas kas) a : 
N \ ‘ o 
c ' Yd N 
B| X \ | x 
2} 2 \ | ; oO 
om} O N io) 
= ~ 





FU 


| ¢ 11.0 (Be non-prominence in this circle) 


IC extraction notch (two positions) 
(depth 3.8) 


= i, 
(connective 


0.8 X 15=12.0:0.25 





SEC. X-X 
(S=10/1) 


Dimension in mm 


Fig. 4 IC socket (type name : IC61—0804-046) by YAMAICHI ELECTRONICS Co., Ltd. outline 
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2. M37732S4LGP (package: 80P6S-A) 


(1) Print foot pattern example 
Figure 10 shows the print foot pattern example for the 80P6S package. This pattern can mount the 
80P6S package, and the 80P6-80P6S conversion adapter which is described in “(2) Conversion 
adapter”. 


Dimension in mm 





Fig. 5 Print foot pattern example for 80P6S package 
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(2) Conversion adapter 
The 80P6-80P6S conversion adapter shown in Figure 11 converts an 80LCC connector to 80P6S 
pattern. 
The tips of the M37732 group support pod M37732T—HPD of the MELPS 7700 emulator PC4816 can 
be connected to the 80LCC connector on this adapter to perform emulation in the range of 5V+5%. 
Note that emulation cannot be performed outside the voltage range of 5V+5% (3V for example). 


| » 35mm 5 | 


80P6-—80P6S 
30mm 
25mm 
33mm 


Connection image 
M37732T—HPD 









(a-— 80LCC support connector 


{ 80P6-80P6S 


M37732S4LGP 


}S 





y 


a 
Nw” 


80P6S pattern 






aoe 





yee? 









Fig. 6 80P6-80P6S conversion adapter 
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3. M37732S4LHP (package: 80P6D—A) 


(1) Print foot pattern example 
Figure 12 shows the print foot pattern example for the 80P6D package. This pattern can mount the 
80P6D package. 


Dimension in mm 





Fig. 7 Print foot pattern example for 80P6D package 


(2) Conversion adapter 
Conversion adapter 80LCC-QSD for converting 80LCC connector to 80P6D pattern is also available. 
This conversion adapter can also be used to perform emulation similar to the conversion adapter 
80P6-80P6S described on the previous page. For more information on conversion adapters, contact 
the address at the end of this manual. 
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4. M37730S2/S2A/S2BFP (package: 64P6N-—A) 


(1) Print foot pattern example 
Figure 13 shows the print foot pattern example for the 64P6N package. This pattern can mount the 
64P6N package, and IC61—0644-052 socket provided by YAMAICH!I ELECTRONICS Co., Ltd. which 
is described in “(2) IC socket”. 


Dimension in mm 





Fig. 8 Print foot pattern example for 64P6N package 
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(2) IC socket 
The following IC socket provided by YAMAICHI ELECTRONICS Co., Ltd. can be connected to the 
M37730 group support pod M37730T-HPD of the MELPS 7700 emulator PC4816. 


@64-—pin LCC socket provided by YAMAICHI ELECTRONICS Co., Ltd. 


Type name : IC61—0644-052 


20.0+0.3 
(J 15.1+0.15 (connective position) 
0.8 X 15@C) 12.0+0.15 


0.8+0.1 
| TOL 06 , A) i 


a Hn 









Cut crack for polarity 









20.840.3 


& 
g 
N 
vl 
2 
x 
ae 
° 





4-9 3.0 hole 


IC extraction notch 
(two positions) 
(depth 3.8) 


3.25+0.15 


0.8 X 15212.0+0.25 
19.0+0.5 





Fig. 9 IC socket (type name : 1C61-0644-052) by YAMAICHI ELECTRONICS Co., Ltd. outline 
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Appendix 7. System development precautions 

When developing an M37732 group or M37730 group system, be sure to low the Vss line impedance (Vss 
line reinforced). This is necessary to drive the address bus at 24 bits. 

Figures 15 and 16 show the print foot pattern examples with the Vss line reinforced. 
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Fig. 11 Print foot pattern example (solder view) 
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Appendix 8. M66800SP/FP 


1. Overview © 
The M66800SP/FP is a 16M-byte external memory. control IC for the M37732 group. It uses a MAST 
(Mitsubishi Advanced Schottky TTL) process to enable fast operation. 


2. Features 

@ Supports no wait operation of the M37732 group under the following conditions: 
(1) Using 120ns (Max.) access time memory at external clock input frequency of 12MHz 
(2) Using 100ns (Max.) access time memory at external clock input frequency of 13MHz 

@ Internal read/write control circuit with independent read/write output 

@ Two internal octal latch circuits for address 

@ Internal chip selectable circuit that can fully decode 16M bytes 

@ Internal Ready signal generating circuit 

@ Pin assignment that facilitates connection to M37732 group 
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Tha Welicr ae a 


i eae eed 


A13 {1 | 
Al2 [2 | 
All {3 
A10 -—[ 4] 
AQ —1[ 5 | 


A8 «—[ 6] 


ADo —>[7 
Ads — [8 | 
ADS —>| 9 | 
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AD11 [11 
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AD14 —>[74] 
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AD17 —>[77, 
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44) —> CSB 
'43]—» CSO 
'42}—» CS10 
41}—» CSi11 
aa] —» esi 
39] —» CS13 
38|—> CS14 
37 |+«— WRO 
36 | <— WAIT 
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Fig. 12 M66800SP/FP pin configuration (top view) 
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Symbol Function Details 
ADC Acc,C + Acc tM+C | Adds the carry, the accumulator and the memory contents. 
(Note 1,2) The result is entered into the accumulator. When the D 
flag is “0”, binary additions is done, and when the D flag is 
“1”, decimal addition is done. 
AND Acc * Acc AM Obtains the logical product of the contents of the accumu- 
(Note 1,2) lator and the contents of the memory. The result is en- 
tered into the accumulator. 
ASL m=0 Shifts the accumulator or the memory contents one bit to 
(Note 1) | [G]-{biel | bolo | the left. “0” is entered into bit 0 of the accumulator or the 
erat memory. The contents of bit 15 (bit 7 when the m flag is 
“1”) of the accumulator or memory before shift is entered 
[C]-|_b7]--- [tbo |+-0 into the C flag. 
+—— = a = — 
BBC Mb=0 ? Tests the specified bit of the memory. Branches when all 
(Note 3,5) the contents of the specified bit is “0”. 
BBS Mb=1” Tests the specified bit of the memory. Branches when al! 
(Note 3,5) the contents of the specified bit is “1”. 
BCC c=0” Branches when the contents of the C flag is “0”. 
(Note 3) 
BCS C=1” Branches when the contents of the C flag is “1”. 
(Note 3) 
BEQ zZ=1° Branches when the contents of the Z flag is “1”. 
(Note 3) 
BMI N=1? Branches when the contents of the N flag is “1”. 
(Note 3) 
BNE z=0” Branches when the contents of the Z flag is “0”. © 
(Note 3) 
sf a aes pa Fea ae eh e 
BPL N=0? Branches when the contents of the N flag is “0”. 
(Note 3) 
BRA PC+PCoftset Jumps to the address indicated by the program counter 
(Note 4) | PG+PG+1 plus the offset value. 
(carry occured) 
PG-PG—] 
(borrow occured) 
BRK PC+-PC+2 Executes software interruption. 
M(S)+-PG 
S+S-] 
M( S) +—PCy 
S+S-—1 
M(S)—PC, 
S+S-—] 
M(S)*-PSy 
S+S-1 
M(S)+-PS_ 
S+S-1 
I] 
PC. AD, 
PCy ADy 
PG+-00i¢ 
Sacha ease = eee tee Pete 
BVC V=0? Branches when the contents of the V flag is “0”. 
(Note 3) 
BVS V=1°? Branches when the contents of the V flag is “1”. 
(Note 3) 
4 en es — 
CLB Mb=-0 Makes the contents of the specified bit in the memory “0”. 
(Note 5) 
pn A ER ART er Sa 
CLC Cc+-0 Makes the contents of the C flag “0”. 
Se Reeaaeete Eeess cee eas é: EeeeenueL etc EEERS 
CLI I-0 Makes the contents of the | flag “0”. 
CLM m0 Makes the contents of the m flag “0”. 
CLP PSb+-0 Specifies the bit position in the processor status register by the bit 
pattern of the second byte in the instruction, and sets “0” in that bit. 
Ss =o estas 
CLV V-0 Makes the contents of the V flag “0”. 
a 
CMP Acc—M Compares the contents of the accumulator with the contents of 
(Note 1,2) : the memory. 
| 
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Addressing mode Processor status register 
(orm ]uloniy] ABs [Asse ]aBsx[A8sy] aBt [ABLx] (nes) [(ass)|aas0] sTx | REL [oRaA]sesnA] oA [(SAD¥] OLR Euogodaada 
sls nm] 6] [ol | fn} [2] | monn Ln] [| opm] [ol | | o0/ ne aessblsa| vine ole 


GEER) Mice err alba eaduue 
4/42/81 4 42 3 }42)10 
is 79 7F 73 
iste sided uaeiale mt 
2/8) 4 42) 815 142 3 
ic oF 3F 


OUELLETTE RRC ett 


EES 
PaRRRER } 


Specified flag be- 
comes “0”. 
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Addressing mode 


Details Sooaee acento pIRY | (DIR) | (DIR.X) | (DIR),Y 


Compares the contents of the index register X with =f 
contents of the memory. 


Compares the contents of the index register Y with a 
(Note 2) contents of the memory. 


Acc*-Aco—1 or eee the contents of the accumlator or memory al ae C6! 7 7\2 
(Note1) | M-M—1 


Symbol 


(Note 2) 


o oO oO 

Bizz |2R 
lg 
ee 
C8] 
= [8] 
a 
al 
a 
=| 
= 
[os 
reel 
ia 
ae 
ft 
Pa 
Esa 
Fa 
a 
| 
a 
ames 
ae 







X-X—1 Decrements the contents of the index register X by 1. eat SEH 
Decrements the contents of the index register Y by 1. 88| 211] 


A(quotient)+-B,A/M | The numeral that places the contents of accumulator B to the higher order and the 4 : a Hh an . 3 2 : E a : 

(Note 2,10) | B(remainder) contents of accumulator A to the lower order is divided by the contents of the memory. 29 25 32 31 
The quotient is entered into accumulator A and the remainder into accumulator B. 
Acc*-Acc¥M Logical exclusive sum is obtained of the contents of the GE 
(Note 1,2) accumulator and the contents of the memory. The result is 
placed into the accumulator. i et a che aa 
Acc*Acct! or Increments the contents of the accumulator or memory by 742 F6; 742 
1. 


— Ht 
Increments the contents of the index register X by 1. Ce Pee TOT ete aae eae 
ee ee CERES 


ABS Places a new address into the program counter and jumps 
PC, + AD, to that new address. 





3 


m 9 
sie 









z 
ro) 








(Note 1) 


+ #8} 2) 28} 







JMP 











PCy cs ADY 










ABL 
PC, + ADL 
PCy = ADu 
PG*-ADg 









(ABS) 
PC, —(AD,, AD_) 
PCy —(ADy, AD_+1 ) 








L(ABS) 
PC, +(ADy, AD,) 

PCy —(AD,, AD. +1) 
PG —(AD,, ADL +2) 















(ABS, X) 

PC, -(ADq, AD, +X) 

PCy —(ADy, ADL +X 
+1) 













JSR Saves the contents of the program counter (also the con- 
tents of the program bank register for ABL) into the stack, 


and jumps to the new address. 








PCL — ADL 
PCy + ADY 

















ABL 
M(S)+- PG 










M(S)+-PC, 
$+ S-] 

PC, + AD, 
PCH << ADy 
PG - ADg 






















(ABS, X) 
M(S)=- PCy 











PC. —(ADi, AD. +X) 
PCy (ADH, ADL +X 
+1) 
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Addressing mode Processor status register 


ao oa moo me [aon mx lee 
sada te tol as et Bes iltcelelseds bs eberieetobeesbivalstelastet om aiteLto 


LNA 


ei fis 
x 


3 
Ss 























27 37 2D 


ls 








Rake eae eae 
REReA eee eee 
ee feet 
5D 
tf CECCEEEECEEE UN 


lt 
tt aL 


a a 
is i 
89135] 3 [sol36! 3 [aa ; 
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Details 


Symbol Function 





LDA Acc 7M Enters the contents of the memory into the accumulator. 
(Note 1,2) 
LDM M+ IMM Enters the immediate value into the memory. 

(Note 5) 







DT -— IMM Enters the immediate value Into the data bank register. 



















LDX 


Enters the contents of the memory into index register X. 
(Note 2) 


LDY Enters the contents of the memory into index register Y. 
(Note 2) 

LSR . | Shifts the contents of the accumulator or the contents of 
(Note 1) 0 bis] [boc the memory one bit to the right. The bit 0 of the accumula- 


tor or the memory is entered into the C flag. “O" is entered 


man into bit 15 (bit 7 when the m flag Is “1”.) 


0-+[_b7]-- lop |e 


MPY B, A~A*M Multiplies the contents of accumulator A and the contents of the mem- 
ory. The higher order of the result of operation are entered into accu- 


mulator 8, and the lower order into accumulator A. 


(Note 2,11) 


MVN 
(Note 8) 





Mo+i—Mm+i Transmits the data block. The transmission is done from 


the lower order address of the block. 





MVP 
(Note 9) 


Mn~—i+-Mm~—i 


PC+-PC+1 


Acc*-AccVM 






Transmits the data block. Transmission is done form the 
higher order address of the data block. 








Advances. the program counter, but performs nothing else. 


Logical sum per bit of the contents of the accumulator and 
the contents of the memory is obtained. The result is en- 
tered into the accumulator. 


N 


PE| 
PER 


OP 

RA 
(Note 1,2) 
PEA 


M(S)*-IMMz2 
S+Ss—1 
M(S)=-IMM) 
S+-S—1 


The 3rd and the 2nd bytes of the instruction are saved into 
the stack, in this order. 





M(S)M((DPR)+IMM | Specifies 2 sequential bytes in the direct page in the 2nd 
+1) byte of the instruction, and saves the contents into the 
S+S-1 stack. 


M(S)=—M((DPR)-+IMM) 
S+S—-1 


EAR—PC+IMMo2,IMMy 
M( S)—EAR} 
S+S~1 
M(S)-EARL 





Regards the 2nd and 3rd bytes of the instruction as 16-bit 
numerais, adds them to the program counter, and saves 
the result into the stack. 


Saves the contents of accumulator A into the stack. 


Saves the contents of accumulator B into the stack. 














































Addressing mode 


B5 


89 
C2 
i 


ay 








en 

UR 
09 05 01 

Ee Reee Se 


ee 
PY PPTL) PPP ERE 
eet Ee rab 
12 a 
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Trent mode 


L(DIR)|L(DIR),Y| ABS | ABS\b | nae x oe te STK 
BCSRCEHOCED 


aaua ee 
a 42 
“i AF 


Processor status register 


JOU 500000 
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a 4 |89}20) 4 |89/20 } | 5 
19 OF 
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al G Ba 5 /spfsy3 Fi7|4 

reel 
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42)6|2 
48 














NS or 
Ww ho 


[os 
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Ww 
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BO 





























i 3 od 
aa 
——. 
ieee 3 ed 
eee. 
ae 
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eal 
Poe | 
oe 
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Addressing mode 


oe fee tenner ae 
leet eel [ole] 


M(S)—PG Saves the contents of the program bank register into the 
S+S—1 stack. 


M(S)+-PS} Saves the contents of the program status register into the 
S+S~—1 stack. 

M(S)=PS_ 

S+S—] 






Details 








Saves the contents of the direct page register into au 
stack. 


M(S)—-DPRy 
S+S~—1 
M(S)+-DPR_, 
S-S—! 



















M(S)+-DT Saves the contents of the data bank register into all 
S+-S—1 stack. 


7 Saves the contents of the index register X into the stack. il at 
PHY Saves the contents of the index register Y into the stack. 

M 

M 
Restores the contents of the stack on the accumulator A. | | AT 





























m=0 Restores the contents of the stack on the accumulator B. 
S+S+1 

B_+-M(S) 

S+S+] 

By+-M(S) 

m=! 

S-S+1 

BL+-M(S) 


S+S+1 Restores the contents of the stack on the direct page reg- 
DPRL-M(S) ister. 

S-S+1 

DPRy-M(S) 


S+-S+1 Restores the contents of the stack on the processor status 
PS_+-M(S) register. 

S-S+1 

PSy+-M(S) 


ister. 


x=0 Restores the contents of the stack on the index register X. 
S-S+1 

XL-M(S) 

S-S+1 

Xy-M(S) 

x=] 

S-S+1 

X_-M(S) 





Restores the contents of the stack on the data bank reg- ah 
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Tae mode 
oe = ra ceo cali eee ee ee ee olefofo[a[e]s [als 
| ip_|N{vim{x/o/ 1 /2{o| 


I ATT | Hie Al 


UAT ETAL ALTE it — 
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PSH 
(Note 6) 

PUL 
(Note 7) 


‘RLA 
(Note 13) 
ROL 

(Note 1) 

ROR 

(Note 1) 
RTI 


SBC 
(Note 1,2) 


Appendix 9. Machine instructions 





Addressing mode 


Details 















x==0 
S-S+1 
Y¥i~-M(S) 
S-S+1 
Yu*-M(S) 


Restores the contents of the stack on the index register Y. 


x=] 
S-S+1 
Y¥i*-M(S) 


M(S)+A, B, X:*: 














Saves the registers among accumulator, index register, 
direct page register, data bank register, program bank 
register, or processor status register, specified by the bit 
pattern of the second byte of the instruction into the stack. 















A, B, X:"+-M(S) Restores the contents of the stack to the registers among 
accumulator, index register, direct page register, data 
bank register, or processor status register, specified by 


the bit pattern of the second byte of the instruction. 


















m=0 
n bit rotate left 


Rotates the contents of the accumulator A, n bits to the 
left. 





m=] 
n bit rotate left 





Links the accumulator or the memory to C flag, and rotates 
result to the jeft by 1 bit. 












m=] 


[ by: Ibo Ic] 




























m=0 


[c]~ bis} - -| bo| 


m=1 


L (e)-(l= Toe] 


Links the accumulator or the memory to C flag, and rotates 
result to the right by 1 bit. 








S+S+1 
PS.-M(S) 
S-S+1 
PSy*-M(S) 
S-S+1 
PC,-M(S) 
S-—-S+1 
PCy-M(S) 
S+S+1 
PG-M(S) 


S+S+] 
PC.+-M(S) 
S-S+1 
PCy*-M(S) 
S+S+1 
PG+-M(S) 
S-S+1 
PC.-M(S) 
S+-S+] 
PCy*-M(S) 


Acc, CAco—M—-C 





Returns from the interruption routine. 













Returns from the subroutine. The contents of the program 
bank register are also restored. 






Returns from the subroutine. The contents of the program 
bank register are not restored. 











‘Subtracts the contents of the memory and the borrow from 
the contents of the accumulator. 





PPEET TPMT] | PELE che 
3 3 42|7 
F5 be 
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ea a Processor status register 


|ABSX|ABS,Y| ABL | ABL.x{(ABS)|L(ABS)|(aBSXx)| STK | REL | ORDA | ABSA fen, oh [om ae see Tees 2 
lel loots] al a fall oln al ofa alo lt taloln ole Joo] |#fop|n|#| IPL |N|V|m| x [0/1 |Z) c| 


EB N2 2 

AbAR 

FB)14) 2 If restored the contents of PS, 

4 a it becomes its value. And the 
Lee other case is no change. 


inn 7 


Fee | eee err ae 
42 42/13 42 4}42 42 42) 7 | 3 142/10) 3 
£7 F7 FD EF FF 53 
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Addressing mode 


Detals rime [mm [ «| om [oime [ ommx | in| (oir) [on (OM 

cn |] | mpm nm pmo} | fon] | fo] | fn n | 
Makes the contents of the specified bit in the memory “1”. SEE Veer ea ae! 
Makes the contents ofthe C flag “1”, eT EET 
Makes the contents of the | flag “1”. 73| 21 | etc 


lel eae alee cae a ily 
HERE EERRE 
Set the specified bit of the processor status register’s low- 


eA 
ee PPP TELL 


Stores the contents of the accumulator into the memory. mal? Beg 


Stops the oscillation of the oscillator. 
LET TT belatey tt ty 


Symbol 


= 
ro 
ia 


m 
oO 
oO 
1 


(Note 5) 


t 


Makes the contents of the m flag “1”. 


STA 
(Note 1) 


due 
i 


91)7 
BEARS 


+ 


ail 
mt oO 


a 


TX Stores the contents of the index register X into the memory. 





' 
ad 
< 
t 


o z =| 3/3 
< Pl 
fe’ as 


Stores the contents of the index register Y into the memory. 


S Transmits the contents of the stack pointer to the accumulator A. 


TSB B-S Transmits the contents of the stack pointer to the accumu- 
lator B. 


TAD DPR~A Transmits the contents of the accumulator A to the direct 
page register. 
A Transmits the contents of the accumulator A to the stack pointer. MBIA Wel) Vaecp steep eld ff pe ae Rea RE 
TAX XA Transmits the contents of the accumulator A to the Index 
register X. 
TAY YA Transmits the contents of the accumulator A to the index 
register Y. 
TBD DPR+-B Transmits the contents of the accumulator B to the direct 
page register. 
TBS S-B Transmits the contents of the accumulator B to the stack 
pointer. 
TBX X-B Transmits the contents of the accumulator B to the index 
register X. 
TBY YB Transmits the contents of the accumulator B to the index |42/ 4 | 2 
register Y. A8 
TDA A~DPR Transmits the contents of the direct page register to the |7B 
accumulator A. 
TDB B+-DPR Transmits the contents of the direct page register to the |42 
accumulator B. 7B 
tsa [aes iF REET ae Tr ; ; : mee 


register X. 


TXA AX Transmits the contents of the index register X to the accu- 
mutator A. 


TSX X-S Transmits the contents of the stack pointer to the index aad 


TXB B-X Transmits the contents of the index register X to the accu- {42 
mulator B. 8A 
pointer. Aa 


Transmits the contents of the index register X to the stack 


TXY Transmits the contents of the index register X to the index 
register Y. 

TYA Transmits the contents of the index register Y to the accu- 
mulator A. 


Transmits the contents of the index register Y to the accu- [42 
mulator B. 98 
Transmits the contents of the Index register Y to the index |BB 
register X. 


Stops the internal clock. 


Exchanges the contents of the accumulator A and the con- |89 
tents of the accumulator B. 28 


5 


A>B 


x< o > < #2) 
bi 
<| <| «<{| x] x 
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[Tomifoniy] ass [asso [assx] assy] aBt [ax] Ass) [ansi|asio| rx | wet [onan Coosa pogo aonago 
lal nlolelol ela Teel sale lelleleol sll e[aalelalolnelalolélaolslatellolaalalelelaels| [xiv c 


Specified flag be- 
comes “1”, 


ee eee err Eegie 
42) 7 | 3 }42|10) 3 
83 93 


42) 7 
ate Tet 
SEOOAEREEEEUEUOOSREEEERUOEERRERSSEREOCOOOOOOOOC 
DOAAAAEBHUHUERREREREO USE EAREREEEAUSRREERBNESEOOOCOOOOOCD 
BURBGRRGE CEEEEECEEECeEe 


RORRRE RE , I i 7 TTP EE PREP EE 


Eee 

rth HLH HHT spre Teer 
DETER ER TREE i pele 
STAI TTAATTAATTAATOATOATI 











| RS] 
™ 

> 

Be kt 


























que SRNEEODOCOOooou0 
BN TTAITAAOATTONIGGWGAWGWIG 
TLE 
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IMP 
IMM 

A 

DIR 

DIR, b 

DIR, X 

DIR, Y 
(DIR) 

(DIR, X) 
(DIR), Y 

L (DIR) 

L (DIR), Y 
ABS 

ABS, b 
ABS, X 
ABS, Y 
ABL 

ABL, X 
(ABS) 

L (ABS) 
(ABS, X) 
STK 

REL 

DIR, b, REL 
ABS, b, REL 
SR 

(SR), Y 


BLK 


l+%32<3*0-NO 
3 


<>N\ * 


Implied addressing mode 

immediate addressing mode 

Accumulator addressing mode 

Direct addressing mode 

Direct bit addressing mode 

Direct indexed X addressing mode 

Direct indexed Y addressing mode 

Direct indirect addressing mode 

Direct indexed X Indirect addressing mode 
Direct indirect indexed Y addressing mode 
Direct indirect long addressing mode 
Direct indirect long indexed Y addressing mode 
Absolute addressing mode 

Absolute bit addressing mode 

Absolute indexed X addressing mode 
Absolute indexed Y addressing mode 
Absolute long addressing mode 

Absolute Jong indexed X addressing mode 
Absolute indirect addressing mode 
Absolute indirect long addressing mode 
Absolute indexed X indirect addressing mode 
Stack addressing mode 

Relative addressing mode 

Direct bit relative addressing mode 
Absolute bit relative addressing mode 
Stack pointer relative addressing mode 


Stack pointer relative indirect indexed Y addressing 
mode 


Block transfer addressing mode 
Carry flag 

Zero flag 

Interrupt disable flag 


Decimal operation mode flag 
Index register length selection flag 
Data length selection flag 
Overflow flag 

Negative flag 

Processor interrupt priority level 
Addition 

Subtraction 

Multiplication 

Division 

Logical AND 

Logical OR 





Exclusive OR 

Negation 

Movement to the arrow direction 
Accumulator 

Accumulator’s upper 8 bits 
Accumulator’s lower 8 bits 
Accumulator A 

Accumulator A’s upper 8 bits 
Accumulator A's lower 8 bits 
Accumulator B 

Accumulator B's upper 8 bits 
Accumulator B’s lower 8 bits 
Index register X 

Index register X's upper 8 bits 
Index register X's lower 8 bits 
Index register Y 

Index register Y's upper 8 bits 
Index register Y's lower 8 bits 
Stack pointer 

Program counter 

Program counter's upper 8 bits 
Program counter's lower 8 bits 
Program bank register 

Data bank register 

Direct page register 

Direct page register’s upper 8 bits 
Direct page register's lower 8 bits 
Processor status register 
Processor status register’s upper 8 bits 
Processor status register's lower 8 bits 
Processor status register’s b-th bit 


Contents of memory at address indicated by stack 
pointer 


b-th memory location 

Value of 24-bit address’s upper 8-bit (Azg~ Aig) 
Value of 24-bit address’s middle 8-bit (Ays~Ag) 
Value of 24-bit address's lower 8-bit (A7~Ap) 
Operation code 

Number of cycle 

Number of byte 

Number of transfer byte or rotation 

Number of registers pushed or pulled 
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Appendix 9. Machine instructions 





The number of cycles shown in the table is described in case of the fastest mode for each instruction. The number of cycles shown in the table is 
calculated for OPR_=0. The number of cycles in the addressing mode concerning the DPR when DPR, +0 must be incremented by 1. 

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory 
read/write address is odd or even. It also differs when the external region memory is accessed by BYTE="H”. 


Note 1. The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator B. 

Note 2. When setting flag m=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 

Note 3. The number of cycles increments by 2 when branching. 

Note 4. The operation code on the upper row is used for branching in the range of —128~+127, and the operation code on the lower row is used for 
branching in the range of —32768~+32767. 

Note 5. When handling 16-bit data with flag m=O, the byte in the table is incremented by 1. 

Note 6. 


re) 
Ro 
nol< 
NO 
_/0 
+ 
vU 
Gq) 
ms] 
~” 


Tine ofregisier | At Bx Y DPA | PG | PS | 
a ee oe ee a es 


The number of cycles corresponding to the register to be pushed are added. The number of cycles when no pushing is done is 12. i, indicates 
the number of registers among A, B, X, Y, DPR, and PS to be saved, while i. indicates the number of registers among DT and PG to be saved. 


~ 


Note 


| Type of register | A | B | X | Y | OPR| DT | PS | 
4 


The number of cycles corresponding to the register to be pulled are added. The number of cycles when no pulling is done is 14. i, indicates the 
number of registers among A, B, X, Y, DT, and PS to be restored, while i.=1 when DPR is to be restored. 


Note 8. The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 
7+ (i/2) X7+4 
Note that, (i/2) shows the integer part when i is divided by 2. 
Note 9. The number of cycles is the case when the number of bytes to be transfered is even. 


When the number of bytes to be transfered is odd, the number is calculated as; 
9+ (i/2) X7+5 
Note that, (i/2) shows the integer part when i is divided by 2. 
Note 10. The number of cycles is the case.in the 16-bit+8-bit operation. The number of cycles is incremented by 16 for 32-bit+ 16-bit operation. 
Note 11. The number of cycles is the case in the 8-bitX8-bit operation. The number of cycles is incremented by 8 for 16-bit X 16-bit operation. 
Note 12. When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 


Note 13. When flag m is 0, the byte in the table is incremented by 1. 
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aah CODE TABLE-1 






aes 





notation 


> 

o oO 
ae 
= + 
a 
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Note 1 : 


42, specifies the contents of the INSTRUCTION CODE TABLE-2. 


Appendix 10. Instruction code table 


SEB | ORA | ASL | ORA 
DIR,b | A,DIR | DIR |AL(DIR) 
CLB | ORA | ASL | ORA 
DIR,b |A,DIR,X| DIR,X [AL(DIR), 


ORA 


A,IMM 
ORA 


n Tne 


— 








JSR a BBS ROL | AND 
2 
ABS |A(DIR,X)| ABL | ASR |DIR,b,R| A,DIR | DIR TAL 
AND | AND | AND | BBC 
3 
A,(DIR),Y|A,(DIR)/A,(SR),Y|DIR,b, RJA, DIR, X 
EOR EOR LSR | EOR EOR = 
0100 Note 1 
A,(DIR,X) A,SR A,DIR | DIR JA,L(DIR) A,IMM 
EOR | EOR LSR | EOR EOR JMP | EOR | LSR | EOR 
5 BVC MV CLI PHY | TAD 
A(DIR).YIA,(DIR A,DIR,X Dink x ule A,ABS,Y ABL /A,ABS,X/ ABS,X |A,ABL,X 
ADC LDM ADC ADC | ROR 
0110 RTS 
A(DIR,X) A,DIR | DIR AA A,IMM 
ADC | ADC LDM | ADC ADC ADC 
0111 7 BVS SEI PLY 
A(DIR),YIA,(DIR)IA,(SR),Y} DIR,X ApIn DIR,X |AL(DIR), A.ABS,Y 
BRA | STA | BRA | STA | STY STX | STA 
DEY TXA 
REL jA(DIRX)} REL | ASR | DIR ADIR an Aor 
STA | STA | STA | STY STA 
1001 BCC : TYA 
A,(DIR),YIA,(DIR)|A,(SR),Y} DIR,X ADIR DIR,Y |AL(DIR), A ABS. 
LDY | LDA | LDX | LDA LDX | LDA 
1010 A TAY 
IMM_ |A(DIRX)| IMM | ASR | DIR ba DIR |A,L(DIR) A,iIMM 
LDA | LDA | LDA LDA 
B BCS CLV 
A(DIR),Y AIBIRIAISRY DIR,X heat DIR,Y oes A,ABS,Y 
CMP | CLP | CM CPY | CMP CMP CMP 
C 
IMM_ |A(DIR,X)| IMM | A,SR A,DIR | DIR jAL(DIR) A,IMM 
CMP | CMP | CM DEC | CMP CMP 
CLM PHX 
A,(DIR),Y A,(DIR)IA,(SR),Y A,DIR,X! DIR,X JAL(DIR), A,ABS,Y 
CPx | SBC SBC | CPX | SBC | INC | SBC SBC 
IMM_JA,(DIR,X) ASR | DIR | A,DIR A,L(DIR) A,IMM 
SBC | SBC | SBC SBC NC | SBC SBC 
F PEA PLX 
YIA,(DIR)|A,(SR),Y A,DIR,X} DIR,X |AL(DIR), A,ABS,Y 


About the second word's codes, refer to the INSTRUCTION CODE TABLE-2. 


2: 


89,6 specifies the contents of the INSTRUCTION CODE TABLE-3. 


/ 


About the third word’s codes, refer to the INSTRUCTION CODE TABLE-2. 
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a as 
ar BBS |; AND 
PLP PLD 
A,IMM ABS,b,R} A,ABS — A,ABL 
AND me BBC | AND 
SEC 
DIR,X JAL(DIR),Y A,ABS,Y ABS,b,R — = A,ABL,X 


JMP | ADC | ROR | ADC 
RTL 
(ABS) |A,ABS/ ABS | A,ABL 
JMP | ADC | ROR | ADC 
(ABS,X) |A,ABS,X| ABS,X |A,ABL,X 
STY | STA | STX | STA 
PHT 
Ags A,ABS ABS A,ABL 
STA STA 
TXY 
ABS A.ABS.X ABS, X |A,ABL,X 
LDY | LDA | LDX | LDA 
“es A,ABS aes A,ABL 
LDA 
ABS,X |A,ABS,X| ABS.Y |A,ABL,X 
CPY | CMP | DEC | CMP 
WIT 
ABS | A,ABS| ABS | A,ABL 
JMP | CMP | DEC | CMP 
STP 
L(ABS)|A,ABS,X| ABS,X |A,ABL,X 
CPX | SBC | INC | SBC 
PSH 
ABS | A,ABS/| ABS | A,ABL 
JSR | SBC | INC | SBC 
PUL 
(ABS,X) |A,ABS,X! ABS,X |A,ABL,X 













SEB | ORA 


ASL | ORA 
A,ABS | ABS | A,ABL 


ORA 


ABS,b 
CLB 





ABS,b |A,ABS,X} ABS,X |A,ABL,X 





JMP 


ABS | A,ABS| ABS | A,ABL 
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Appendix 10. Instruction code table 





INSTRUCTION CODE TABLE-2 (The first word’s code of each instruction is 42.) 


0000 | 0001 on 0011 | 0100 | O101 | O110 | 0111 cE 1001 | 1010 | 1017 | 1700 | 1101 jan | 


ORA ORA 
0000 0 
aoa B,SR 
ORA | ORA 
0001 1 
B,(DIR) PPADS Se 
2 BEE B,SR 
0011 
B,(DIR),YiB,( DIR)IB,(SR),Y 
EOR EOR 
0100 
B,(DIR,X) = 


rece 














ORA 








B,L(DIR), 


















BABS,Y; 8B 








0110 








0111 7 


B,(DIR), Y/B, (DIR)|B 


Eee 
: 1001 
B,(DIR) ay B,( DIR) ee 
1010 

B,(DIR,X) 
GMP 

1101 
B,(DIR),Y|\B,(DIR)/B,(SR),Y B,DIR,X 














1100 















1110 
B,(DIR,X) 


SBC 


SBC SBC 
B,DIR B,L(DIR 

SBC 

B,DIR,X B,L(DIR), 


— 











Wi 











B,(DIR),YIB,(DIR) 
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INSTRUCTION CODE TABLE-3 (The first word’s eos of each instruction is 89,,) 


Hexadecimal 
notation 
ee MPY MPY MPY 
0000 
(DIR,X) SR DIR L(DIR) IMM ABS 
MPY | MPY | MPY MPY MPY MPY MPY 
(DIR),Y! (DIR) | (SR), DIR,X a ABS,Y ABS, X ABL,X 
DIV DIV DIV 
(DIR,X) SR L(DIR) ABS ABL 
DIV DIV DIV DIV DIV 
3 
(DIR),Y| (DIR) | (SR),Y pa i. ABS,X ABL,X 




















uw 


9/9 
<in 
c 
9 OVO 
DB Z 
le 


$s 


R,X 











po 
ze 
=z qQ 


co 











aS 
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